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Tne following persons have been working on the Contract:
Markus Bdth, Projcct Scientist, variable part-time;
Seweryn J., Iade, full-time.

The researci: has been made at the Seismologicai Institute, Uppsala,
except “bat S.J. Duda :arried on the work at the Seismological Laboratory,

California Institute of Technology, Pasadena, California, in the interval

Jan. 1-Sep. 27, 196k,

é Introduction

§T This report presents the deveiuvgment and conclusions of three years'

é research of the rheologic properties of the solid earth. The work consisted
j of the following parts:

f% 1. Strain~reclease studies of the circumePacific seismic belt.

E% 2, Laboratory studies of the behaviour of scale models under stress,
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3. Development of a inethod to measure stress variations in the crust

caused by earth tides and other related phenomena,

I
"

i)
iy

ot

RPN A A AR 2 e 3 vt e odRRRE D Loy



b, Application of array-station records to studies of wave propagation
and seismicity.

Of the total time of 3 years, approximately 2 years have been spent
on item 1 and 1/2 year on cach of the items 2 and 4. The scmewhat uneven
distribution on the various items is a reflection of several factors, such
as availability of facilities and our judgment on the relative importance
of various problems,

Of the four items mentioned, 1-3 were included in the Contract. Item
Ik was added during S.J. Duda's visit to Pasadenc, and it has also close
connections to the main topic of the Contract. Each of the four items
will now be treated in some detail. Complete accounts of all resuits

can be found in the papers published under the Contract and listed below.

1.Strain-release studies of the circum-Pacific belt

8, Statement of the problem

The strain-release metho? Las been applied to the investigation of
earthquake sequences since about 15 years ago. It was first proposed by
Benioff (1951) in connection with aftershock sequences, following most
of the larger earthquakes. This method made it possible to treat the
aftershocks not as single, independent phenomena, but as events connected
genetically with each other. Later, the method was applied by Benioff also
to series of earthquake other than aftershock sequences,

The stimulus to the present project was the use of Benioff's aethod
ina study of the famous Aleutian Islands 1957 aftershock sequence, perform:d
at the Seismological Institute, Uppsala, in 1960-61. See Duda {1981, 1962)
in References below. This study revecaled several features of the aftershock
sequence, not observed for any sequence before, As a consequence, a number
of aftershock sequcnces in other parts of the world were studied with the
purpcse to find out to which cxtent the observed features have general

validity.
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We aimed at exploring the dynamics of strain release in earthquake
sequences, and also the mutual dependence of earthquake activity on
adjacent, but distinctly separated fault systems,

The original method of strain~release studies, although still used
by some seismologists, turned out not to be sufficiently well founded in
some aspecte. An investigation of the method was undertaken, and
consequently in the later stage of the project preference is given to
the concept of strain-cnergy release, instead of strain release,

The world-wide distribution of the strain release in dependence of
focal depth provides information about the distribution of stress
accumulation with depth and the rheologic conditions in the upper part
of the earth, but concerns also the earthquake mechanism in different
depths.

The secular strain-energy release in earthquakes since the beginning
of instrumental seismology provides information about the dynamical
relations of earthquake activity in different parts of the world and in
different depth renges. Fram the secular seismic activity same inferences
can be drawn about “ne mechanism of aftershock generatiom.

In short, we may say that ~ur problenm has been to explore the
mutual relations between earthquakes, both in space and in time; This
problem derives from the convincing evidence that such relations really
exist, but that their exact nature is still obscure., The problem has been
attacked in a1l poseible waye, as outlined here, and at least we have
approached the solutior with a fewv iteps. It must be understood that this
is really an intricate problem where so many factors enter, of which all
are perhaps not even known to-day. The work achieved in this respect under
the present Contract probably represents one of the most concentrated
efforts in recent years to throw light on these problems, at least on a
nore global scale,

These problems will in the long run certainly also prove to be of

ausid

- . O eI A o




’
<lia

very great practical application, namely for earthquake prediction
- a problem which in recent years has been teken up with renewed
interest in several countries.

b, Oscillation patterns in aftershock sequences

Earthquake activity provides important information about the
physical conditions in the ecarth's upper part, It is of special interest
to carry out investigations for the area with the highest activity -
the circum-Pacific belt, particuiarlyof aftershock sequences, characterizing
an increase of the earthquake activity in a certain region and for a
certain time interval. Therefore, part of our research was devoted to
studies of strain release in the circum-Pacific belt during aftershock
s2quencee.

For most of the well recorded aftershock sequences it is observed that
the aftershock area is elongated and most strain release occurs near the
horizontal ends of this area. This may be expected theoretically fram an
analogy to the stress field around a slit in a perfectly elastic body
(Anderson 19513 V.I. Keilis-Borok 1960). The location of the ends of the
aftershock area with increased strain rclease is determined by the
orientation of the fault zone and the direction of the stress field, A
horizontal compressional field wili give rise to an increase of stress at
the horizontal ends nf a dipping fault, having an oblique strike relative
to the compressional field direction, and to a strike-slip motion., On
the other hand, a compressional field perpendicular to the strike of a
dipping fault will give rise to an increasc of stress at the vertical

¢ ends (i.e. the upper and lower e¢nds) of the fiult surface, and to a dip-
slip motion. For both these extreme cases on oscillation of the strain
release between the two ends has been observed: in the first case for the
Aleutian Islands 1957 sequence (Duda 1961, 1962), and in the second cese
for the Kamchatka 1952 sequence (Tarakanov 1961),

The oscillation pattern is revealed by a negative correlation
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between the time variaticns of strain-energy release at the two ends of
the aftershock area. The oscillation overlaps the overall decrease of the
intensity of strain release with time during the aftershock s. uence.
The oscillation pericds can be measured. The period is generaliy increasing
vith time, Thus, the oscillations cannot be considered as free, tut as
tecoming free in course of time: at the beginning of the sequence, when the
stress in the aftershock volume is highest, the periods are shortestj with
decrease of the stress and release of strain, the periods became longer.
This was observed for the sscillations both between the horizontal and the
vertical extremities of the aftershock volume,

It is obvious that real conditions can be combinations of these
two caser,

We have investigated the following aftershock sequences with
respect to possible oscillation patterns:

1. Kern County 1952 (White Wolf fault and Edison fault)

2. San Francisco 1957

3. Desert Hot Springs 19L8

k. Chile 1960

5. Kurile Islands 1963

6. Prince William Sound 1964

7. Mongolia 1957

The accumulation of strain release towards the extremities of the
fault zone was ascertained in all investigated cases. Sametimes, besides
the maxima at the horizontal extremities, a maximum in the middle of
the aftershock area was found (White Wolf fault 1952, San Francisco
1957). Frcm fault-plane solutions for aftershocks it is known (Bdth and
Richter 1958; Aki 1960) that the aftershocks at the horizontal extremities
are prevailingly of horizontal strike-slip tyre, vhereas the aftershocks
in the middle are of vertical dip-slip type. The maximum of strain

release observed in the middle of the aftershock zone obviously correspoads
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to the maxima at the verticsl extremities of the aftershock volume,

The vertical extremities cannct usually be discovered directly because
of insufficient eccuracy in the depth determination of the aftershocks
and also because of insufficient sepuration cf epicenters in case of
steeply dipping faults. An indirect method had to be applied just for
this reason by Tarakenov (1961) to find the oscilletion pattern. We were
gble to establish the existence of an oscillaticn pattern in five of the
cases investigated,

The search for the accunmulation of strain rclease at the extremities
of the aftershock zone and for the oscillation patiern between the
extremities led to a completely nevw interpretation cf the very well
recorded and already thoroughly investigated Kern County 1952 sequence.

It vas proved that during the aftershock sequence, besides the White Wolf
feult also another fault was activated, probably the Edison fault, cutting
the White Wolf fault at an acute angle. Our interpretation is in egreement
wvith seismological as well as geodetical and geologicel published
statenents.

The Kern County aftershoct jequence was a clesar instence of a
mechanical interrelationship between two different faults. In conclusion
of our study of the Kern County 1952 aftershock sequence, we made the
following statements:

a) The implicit supposition usuelly made that earthqurke sequences in
a given area and a certain tine interval are independent of earthquekes
in another area nearby but perhaps also remote, in the same time interval,
is ir pged of modification.

8) It is more prodbadle that an afte-shock sequence is independent of
outside influences in its earlier stage (of the duration of hours or days
after the main shock) than in the later stage (reaching hundreds and even
thousands of days),

Support for our conclusions is offered by further results reported just below.
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c, Migration patterns

Nearly all straiu-release studies of aftershock sequences have so
far been concerned only with the aftershock sequence itself, starting
after the main shock. As conditions of strain releass prior to the main
shock may be of equally great importance for a more complete understanding
of the phencmena, we initiated such rescarch for a few cases,

A study of strain relcase in South America before and during the

Chilean 1960 aftershock sequencc gave some new results on the aftershock

occurrence, The area occupied by the aftershock activity starting in

1960 was remarkably inactive for many years before 1960. This implies

that during the pést years strain was accumulated and not released

before 1960 when the very strong and disastrous main shocks occurred and
sa aftershock sequence started, During 40 months preceding the Chilean
earthquake sequence, a repeated northward migration of the moximum strain
release took place to the north of the aftershock region. The velocity of
the migration increased with time towards the start of the seq&fnce. The
migration pattern was destroyed by the beginning of the Chilean earthquake
sequence, In particular, the region adjacent to the aftershock area in the
north became quiet for more than two years after the siart of the sequence,

It turned out that the extremities of the aftershock area are not

necessarily fixed in space as found earlier, but cean move in course of the
aftershock sequence,

The migratiou pattern was indicatecd to extend towards north, beyond
the region in South America. An indication was found for a similar migration

pattern in the seismic belt in the North American continent between Mexico
and Alaska,

The direction of migretion of the highest intensity of strain release

wvas in both cases from the region of higher stress tcwards

the region
with lower stress, In tha 1light of this evidence, the oscillation between

the extremities of an aftershock zone can be cxplained as a repeated
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shift of the strain release from the extremity of currently higher stress
tovards the extremity of lower stress,

In conclusion, it may be stated that a relation of seismic activity
exists between nearby areas and also between areas situated L, to at least
e fev thousand kilometers from each other, The increase of seismic activity
in one ares is accompanied by a simultaneous decrease of activity in
adjacent areas, Both the oscillation pattern in aftershock areas and the
migration of activity on more "secular" basis are to be considered as
special cases of thig general rule,

d. Strain-release characteristics

The strain-release characteristics rcveal features of the afterahock
generation process as a function of time, The time derivative of the strain-
release characteristics shows the intersity of strain release at any time
after the main shock The strain-release nharacteristics were constructed
for all of the aftershock sequences investigated. As a common feature, the
strain-release characteristics show & bresk 1-10 days after the main shock,
The break indicates & sudden increase of the intensity cf strain release
at that time., The lower i:tensity of strain release immediately after the
main shock camnot at all be explained by incomplete data., After the break,
the intensity of strain relecasc decreases in general hyperbolicelly with
time., This offers a possibility to estimate the moment when the aftershock
intensity has decreased below a certain level.of seismic activity, which can
be assumed as normal in the region of the aftershock area (B&th and Benioff
17<8), Ia other worde, this moment will define the length of the aftershock
sequence.

Some of the struin-release characteristics were reconstructed after
the improvement of the method, and presented es "strain-energy release"
characteristics (see section g. below),

e. Parsmeters of aftershock sequences

The magnitudes of the main shock and of the aftorshocks of the sequences
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investigated were determined on the base of records of the Swediah
seismograph network. In all cascs the magnitude of the mein shock was found
to be distinctly greater than the magnituic of the largest aftershock.,

The magnitude difference was found to amount to 1.2 within error limita of
magnitude determination, which ir in agreement with the sc-called Bih's
law (Richter 1958, p. 69).

The distribution of aftershock foci allowed us to de'ermine the
dimensions of the aftershock volume,

The strain release of the main shock was of the seme crder as the
summary strain release in the aftershocks. The strain encrgy released in
the main shock was always higher than the summary strain-erergy release in
the aftershocks,

Of particular importance is the b-coefficient in the equation
log H=a-b M (1)

vhich gives the number N of earthquakes with magnitudes > M, This was
determined for all aftershock sequences iﬁvestigated. A large be-coefficient
édenctes a high proportion of earthquakes with low magnitudes and vice
versa, The b=coefficient is discussed below, as also in the paper

attached as Appendix to the present report.

An important question is if the recurrence relation (1) can be
extrapolated beyond the megnitude rcnge for which the constants have
been determined., Investigating an aftershock seguence in Baja California
1963 and an certhquake swarm in Imperial County, Celifornia, 3963 (see k.
below) we found the b-coefficient to decrease with magritude, Therefore,
equation (1) cannot be extrapolated beyond the magnitude range for vhich
it has been determined.

£, Strain release as function of focal depth

The world-wide strain rclease in relation to focal depth has teen

calculated for all earthquakes with wmagnitudes 7.0 and
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above forr the time interval 1918-1952. The strain exhibits a
pronounced maximum in the uppermost 75 km of the earth, It decreases
exponentially with depth between 75 and 400 km, with ar unimportant
minimum corresponding to the asthenosphere low-velocity layer and another
minimum at 275 km. After a pron-unced minimum at 409 to 475 km, it
increases again apr--i.:imately exponentially between U475 and 650 km, after
which it 4rops rapidly to zero, The depth curve for the number of shocks
is nearly parellel to the strain-depth curve, aid the average strain per
earthquake shows only an insignificant decrease with depth,

From the ttrain-release-versus-focal-depth diagram it follows that
the shallow and intermediate earthquaxes to a depth of say 450 km, form
one unity. The deeper earthquekes in the range from 450 to 720 km form
another one, This is partially in disagreement with the depth classification
used hitherto, when the depth separating intermediatc from deep earthquekes
is assumed at 300 kn., From our rcsul® it seems unnatural to group the
earthquakes in the range 3C0-450 km together with those in the range 450~
720 km, as these two depth ranges are distinctly separated from each other.
On the other hand, it appears natural to put the depth limit between
intermediate and deep earthquakes at 450 km, as this separation has not
only formael but also physical significance,

There is fa’rly general agreement that shallow and intermediate
earchquakes are due to faulting. However, as shown recently by Benioff
(1963), the utrain seismometer recordings of deep-focus earthquekeo
indicated a "source in the form of a sudden contraction of a volume of
rock at +"2 hypocenter, such as might result from a sudden change of
state" of the material, Thus, the depth limit between intermediate and deep
earthquakes assumed at 450 km depth possibly separates earthquakes of

different genesis and focal mechanism,
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s _""Straineenergy celeese” instead of "strain release”
An effort was undertaken to improve Benioff's original method

for investigation of strain releasc in aftershock sequences. The besic
finding was that the earthquake volume, assumed to be identical with

the aftershock volume, increases with magnitude, In Benioff's original
method the volume was assumed to be con3tant, because of lack ¢f information
about its dimensions:(Benioff'e written communication).

Another improvemeni was the introduction of a revised magnitude~
energy conversion formule. The rost actual one given by Bdth (1958) was
adopted,

In conclusion it was foun. that the strain released in en earthquake
is independent of magnitude, within experimental error limits. This
implies thut the difference in megnitudes of twc earthquakes is not due
to the Aifference in the strain accumulatcd, but to the dirference in the
vclume involved,

Th seismic gain ratio, i.e. the ratio between the seismi~ energy
and the elaatié strein energy, as defined by Lomnitz, was shown not to
be constant, es assumed hithero, dbut to increase with megnitude, This
means {uat ror larger earthquakes the conversion of strain energy inmto
gseismic energy is more efficient than for smaller earthquakes. This
problex needs further consideration.

As menticned unuer section d, above, some of the earlier strain-
relcase characteristics have been reconstructed, now es characteristics
of strain energy instcad. The earlier strain-release characteristics
exhibited a great variety of forms, and it appeared t> be a justified
quastion what their real value was. On the other hand, there are ccitain
indications that the strain-energy characteristice ara more uniform in
shape, and thereforz may have more closer bearing on the physics bebind

the observed phenomena,
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h, Completiop of the list of large eerthquakes on the base
A of Uprsala records

The most complete list of large carthquakes up to 1952 was published
by Gutenberg and Richter (195%) and Gutenberg (1956). The earthquakes
from 1897 through 1903 are only incompletely known. The number of
earthquakes with magnitude 7.0 and above is ccmplete since 1918, and of
earthquakes with magnitude 7.9 and above since 1904, In other words, the
number is incomplete in the magnitude range 7.0 through 7.8 in 190L=1917,

We attempted to find earthquakes with magnitude down to 7.0 also 1or
the interval 1904-1917. For this purpose the records of the Seismolﬁgiéa.i
Institute in Uppsala were used. The station at Uppsala started operation
on October 8, 1904, after installation of a Wiechert seismograph. The
instrument has been ir practically continuous operaticn ever since, and
8ll records are stored at the institute. This provided a wnigque opportunity
to complete the list for the largest earthquakes,

The earthquakes with magnitudes 7,0 and sbove from C:toder 8, 1904,
to December 31, 1917, were liated from the Uppsala records. For this time
146 earthquakes could be added to the 138 reported by Gutenberg and
Richter (1954). Data on epicenters of the additional shocks were compiled
from variouw ..ources. The magnitudes determined are tased on all appropriate
phases which could be identified on t%e Uppsala seismograms. The magnitudes
of the added earthquakes are consistent with the most recent determinations
by Gutenberg und Richter (1954) and Gutenberg (1956). The procedure of
magnitude determination applied is presented by B&th (1954).

It i3 difficult to estimate how far the additional earthquakes f£ill
+he gap in Gutenberg and Lichter's list, Most probably same earthquekes
with focal depth greater ihaon nommal are still missing, since their
identification is difficuit from a single station. Hoever, it is our
belief that for the interval 19041917 practically all shailov earthquiies

are ncv known with magnitudes 7.0 and above in the distance range up to
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100° from Uppsala, This range includes the seismically most active regions
in the world.

The paper attached as Appendix to the present Report contains a
list of &'l known earthquakes with magnitudes 7.0 and above for the
interval 1897-1964, inclusive., The list is the most complete ome ever
pudblished.

i, Strain energy and b-coefficients in different circum-Pacific

regions

For the inves.igstion of secular seismic activity in the circum-
Pacific belt, this belt was divided into eight regions. They had to de
chosen large enough to allow statistically significant conclusions for
each of them, and so that possible differences of thei. rheologic
characteristice could be found. The intensity of strain-energy release,
i.e. the strain-energy release per unit time and unit space, was found
to be highest in the NW part of the belt. Starting from that region and
proceeding around the Pacific Ocean in both directions, the intensity
decreases from region to region. It incrcases again in the SE part of the
belt.

This model of circvm-Pacific seismicity does not offer support
for the hypothesis of the relative rotation of the Pacific Ocean dottam
and the surrounding continents. Several other hypotheses could be advanced
which could better meet our observatioms. With references to the
oscillation and migretion patterns, described in sections b, and ¢, above,
one could suggest an cscillation between the NW and SE concentratioms of
activity, along both the connecting circum-Pacific belts. However, it
nust be emphasized that at present this is only a hypothesis but ome
which decsexves further examination,

The maximum magnitude observed in a certain region is correlated

wvith the intensity of strain-energy release, such that the magnitude is

Tkt
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higher for a higher intensity, and vice versa,

The b-coefficients in the recurrence diagiwms of each of the
circum-Pacific regions were determined. They are rorrelated with the
intensity such that a large db-coefficient corresponds to & lov intensity,
and vice versa,

If the maximum rmagrituds observed in a region is a measure of the
average stress in the region, such that a large magnitude is fcund in
regions witd a high stress, we may vonclude fram the focregoing, that the
b=coefficient is lurge in regions with low average stress and conversely,
it ie small in regions with high average etress,

This throws 3:me new light on aftershock sequences.,

The b=coefficients in the aftershock sequences in Xamchatka 1952
(Bith and Benioff 1958) and the Aleutian Islands 1957 (Duda 1962) are
distinctly greater thanthe "seculer™ b-coefficients in the same¢ regions.,
This implies that aftershocks occur iu a volume with rzduced stress, if
compared wvith average conditions in the region, This is to be expected
from Benioff's (1951) hypothesis on aftershock generation. According
to this, the aftershocks are a manifestation of the elastic afterworking
of the material, following the release of the pure elastic deformation
in the main shock., As a conscquence of the main shock, the stress in the
earthquake volume (practically identical with the aftershock volume) is
reduced. In analogy with the behaviour of the secular b-coefficients in
the circum-Pacific regions with a low average stress, the b-coefficients
for aftershocks are expected to be greater than the secular b-coefficients
in the same regions, just as found Zrom our comprarison.

. js World-wides seismic ecrergy release per year

The seismic energy release per year in the shallow end intermediate

earthquakes in the circum-Pacific belt was decreasing significantly in

the interval 1897-196L. There is an indication of a decrease also for deep

i
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earthquakes iz the circum~Facific delt and for shallow and intermediate
carthquakes ovtside of the eircume-Pacific belt.

Besides the overall decrease a striking quietness of seismic
activity in shallow ecrthquakes in the circum-Pacific belt was found
for the years 1907-1916, In the same time interval the activity in
intermediate earthquakes shows a maximum. Feither is the cause of ¢his
negative correlation clear, nor did it repeat in the time interval or
68 years investigated, It is only natural that a search for a periodicity
in the yearly strain-energy release world-wide gave a negative result,
i.e, no significant periodicity couid be ascertained, This does not
exclude the possibility for periodicities on a smaller scale of
space and time, or on a larger scale world-wide,

k, Some remaining problems

It is natural that our investigations on this part of the Contract
have not only given some new results, but above all, have indicated scme
nev lines of attack on problems., Even if our application for prolongation
of this research has not been approved, we comsider it of interest,
especiclly for the sake of completeness, to liat briefly same problems
which still remain,

Investigations were started on three aftershock sequences mentiomed
sbove {Mongolia, 19603 Kurile Islands, 1963; Prince William Sound, 1964),
but time did not permit their completion,

Oscillation patterns in aftershock sequences and especially
migration patterns on a more secular and global scale should be studied.
Especially the latt:r must be considered of primary importance as a
basis for any .uccessful earthqueke preaistion,

It is orly poorly known, how the slip movements on the fault
planes in the aftershocks are consistent with each other, and with
the slip movement on the fault plane of the main shock. This question

is difficult to answer, because the aftershocks are usually recorded on

ittt
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an insufficient number of observatories to allow fault-plane solutions,
Nevertheless, with the increase of the number of observatories, fault-
planc solutions for at least major aftershocks will be ponsible,

Differences found between release characteristics of dilferent
aftershock sequences are usually referredto some differences ir material
or behaviour of stress at different localities. To place such deductions
on & more firm basis, it wculd be extremely important not only to campare
sequences in different regions but also sequences of comparable size which
have occurred within one and the same region, but at different times, To
our knowliedge, no such comparisons have so far been made, The Kurile Islands
aftershock sequences, starting on Rov. 6, 1958, and Oct, 13, 1963, resp.,
offer an interesting opportunity for such a comparison. The main shocks
occurred in almost the same point and were of about the same magnitude,
Another suitable pair of such shocks occurred in the Aleutians on Mar, 9,
1957, and Feb, k4, 1965,

An error-minimizing procedure should be used to spproximate the
empirical strain-energy release characteristics by mathematical functionms,
especially as this would facilitate comparisons with stress-relaxation
curves determined in the laboratory.

Power spectral analyses of the body waves (P and S) radiated from the
aftershock zone at different stages of the aftershock sequence may provide

information on possidble relations between spectral composition and stress.

¢__Laboratory gtudies of the behaviour of scale modele under stress

a, Statement of the problem
The study of earthquake sequences is highly dependent on the

registration of the particular earthquakes by a network of seismograph
stations. However, even if this is guaranteed, the aftershock sequence
starts at an unpredictadble place and time. Consequently, only sequences

of large earthquaket are generally recorded with sufficient completeness,
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vhereas the small earthquakes - apar: from few exceptions - are
recorded far from completely. If an aftershock seqQuence starts even at
a place which can be reached conveniently, alocal network of highly
sensitive seismographs can only be put into operstion hours or days
after its beginning., For this reason much valuable information escapes
attention,

An earthquake sequence is a process which cannot be influenced
artificially. Thus,even with the testrecording conditions it is only
possible to follow the process passively without baving the possibility
to vary any of the parameters which may be of interest or importance.

Starting from these considerations we found it appropriate to
elaborate sn analog method which would enable us to imitate the strain-
release process in the laboratory. Aproper analog procedure would not
ouly make it possidble to reproduce the features of this process already
observed on the macroscopic scale, but also to modify end to predict
the process under somevhat changed initial and boundary conditioms.

Since the aftershock sequence is understocd at present as a not
perfectly elastic process, a mathematical treatment meets serious
difficulties.

Among different methods,we have chosen the photoelastic determination
of the stress field in transparent models of tectonical structures, The
photoelastic analog method is used successfMlly in different branches of
technolorv, but to our knowledge it has not been used hitherto for
tectonic processes.

b, Photo-elastic measurement of stress distribution around a

model fault

We were fortunate in obtaining the expert advice of Dr. R. Hiltscher,
Stockho'm, who is a well-known authority on the application of photoelastic
stress measurements in technology. The Seismological Institute does not

have a photoelastic laboratory, but we hed the fortunate possibility to
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vork in the laboratory of the Royal Water Power Board (Staters
Vattenfallsverk) in Stockholm.

A series of two-dimensional transparent models of tectonic bodies
were analysed vith regard to their stress fields when subjected to
certain pressures. We started with an infinitesimal slit in a transparent
plate subjected to a uniaxial pressure under an angle of 45° with the
slit axis,

This model is an improvement if compared with mathematicel models
solved hitherto, since in our case a shear stress can be transmitted
across the slit axis, For the mathematical models the slit boundaries are
assumed to be free, Our case with a transmission of shear stress is a
better approximation to the real conditions around a fault. The stress
field was determined around the infinitesimal slit, However, it was
impossible to state if, under loading, the slit was first closed, and
then the shear stress transmitted, or if the two sides of the slit were
first displaced and then closed, as only the first case resembles
the case of strain accumulation arcund the <fault before an earthquake,
the uncertainty had to be overcame, For this purpose a model was built
vhich instead of the open slit had an elongated zome of weakness, Several
steges of weskness vere realized a. - 1e stress field determined for
each of them, This correspondsbetter to the increase of the strain in
a real fault gone,

The determinations of the stress field yielded some results vhich
could be directly transposcd to macroscopic observitions made before,

a) In the photoelastic model experiments with improved boundary conditions
as compared with earlier mathematical models, the increase of shear stress
towvards the ends of a fault is confirmed, Therc is no longer an infinite
shear stress at the fault ends.

8) For a model loaded uniaxially an asymmetry between the two fault
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ends is observed. The strain-release density for the Desert Hot Springs
aftershocks (Richter, Allen and Nordgquist 1958) exhibits a similar
pattern in relation to the Mission Creeck fault, which may be explained
by our finding. This would mean that our two-dimensional strees
distribution is a good approximation to the stress field around Mission
Creek fault, also that the hypocen‘ :rs do not vary much in depth. Of
course, the aftershocks occur in a material with elastic afterworking
and the strain-release density map shows a summary effect in time,
vhereas the photoelastic material used was nearly perfectly elastic.

y) The isochromatics, i.e. the lines of equal shear stress, have
a shape resembling the wings of a butterfly at the two ends of the slit
or zone of weskness., It is well known from laboratory experizents that
fracture will proceed preferably in the direction of the "butterfly's
body". This direction depends strongly on the external pressure field.
In an investigation of the Mongolian aftershock sequence starting on
December 4, 1957, performed under the present Contract, it was found
that the aftershocks were distributed along the E-W striking fault of
the main shock up to an aftershock on December 3, 1960, With this shock
seismic activity started along a fault extending in the SE direction
from the eastern end of the old fault, making en angle of 40° with
this faulv. As explanation for this secondary activity we propose that
the primary fault propegated in the direction of the body of the stress
"butterfly”.

¢. Further developments

Our experiments are mainly to be considered as a first step in the
application of the photoelastic method to tectonical models. We consider
the method as capable to serve for the solution of further problems. Of
special interest would be the application of the method to time-dependent
processes, as the experiments carried out so far have been exclusively

concerned with the time-independent static case. Thisstate of equilibrium
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rather represents the stress condition before an earthquake tekes place.
With the inclusion of time-dependent phenomena, it would be possible %c
simulate the stress variations during &n earthqueke sequence. This
suggestion vas also included in our proposal for continued studies, as

was the installation of a photoelastic laboratory at our institute.

3._Development of a method to measure stress variations in the

crust caused by earth tides and other related phenomena

The measurement of stress changes in the earth's crust ies a problenm
of great current interest. Only few facts about the stress dstribution
vithin the earth are known frca direct measurements.

A cooperation with Prof. N, Hast in Stockholm was anticipated with
the purpose to apply to seismological problems a stress-measuring method
developed by him, We planned to measure long-period stress changes
connected with earth tides, free vibrations of the earth, and perhaps -
even the continental uplift of Scendinavia,as well as short-period
seismic waves. Unfortunately, for reasons beyond our control the
cooperation did not develop in the way planned and did not exceed the

stage of consultations.

L, Application of array~station records to studies of wvave

propegation and seismicity
a. Statement of the problem

Seismic array stations no doubt represent a majcr advance as far as

seisnological recording is concerned with very much increased sensitivity.,
Combined with computer handling of data recorded on magnetic tape, they
have increased efficiency in seismic recording to an extent which hes

not y»t been fully utilized in all respects. The present attempt aimed

et testing the use oy array-station data for the study of two problems:

wave propagaticn up to distances of a few hundred kilometers and
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seismicity in a local area, Even if not explicitly included in our
Contract, the problems have close connection with our project, for
example from the following two points of view:
1) The wave propagation studies showed that Sg and Pg have different
attenuation, which can probably be explcined only by the rheological
properties of the material,
2) Studies of secular seismicity and related strain-energy release etc
will naturally require collection of data over a great many years before
a representative sample is obtair~d, It has often been assumed that a
reliable picture of the secular strain-energy release could instead be
obtained by accumulating data for a much shorter time but instead goiung
to much lower magnitudes (as is possible by the increased sensitivity
of an array station). The results of our studies demonstrate quite
definitely that this is not possible, as the large number of very small
shocks do not follow the same rules and formulas as the large ones. For
example, an equation like (1) found from small shocks, cannot be
extrapolated to large shocks.

b. Research on Torto Forest Seismological Observatory array records

During the stay of Seweryn J. Duda with the Seismological Laboratory
in Pasadena, Calif., we got access to the recordings ¢f the Tonto Forest
Seismological Observatory (TFSO) in Payson, Arizona. TFSO is one of the
most sensitive seismograph stations in continucus operation. The
effective increase of the sensitivity of a station entails that besides
earthquakes a large number of artificial events is recorded, especially
in regions with numerous quarries like Arizona. This raiies the problem
of distinguishing between earthquekes and explosions in the range of
small cpicentral distances, up to several degrees.

From the examination of several hundred records, we found that the
appearance of an explosion record does not in general allow an immediate

separation from an earthquake, We found that the most pronownced
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difference hetween carthquakes and explosions is the ratio ¢of S- to
P-wave energy. The nearest recorded explosion was at a distence of 100 km.
At this distance the ratic of S- to P-weve energy smounts in average .o
as nuch . ¢ !for earthquakes 10) and increases up to 10 (for earthquakes
4G) at 300 km  istance. This aliowed us to exclude expiosions rrom the
study of the Arizona seismicity.

The S-waves in explosions are unexpectedly strong if compared with
P-waves, However, they are weaker in explosions than in earthquakes of
comparable magnitude. This is in unalogy to surface waves from nuclear
explosions, where Rayleigh waves donminate and Love waves are of secondary
importance (Toksdz, Harkrider and Ben-Menahem 1964).

The discrimination of explosions and the study of local seismicity
require accurate hypocenter determinations. For the epicentral distance

ad focal-depth determination, local travel-time tables of high precision
are needed, giving the travel times evern as function of azimuth., The
accuracy in azimuth determination of an epicentar from & single array
station is limited mainly by the snacing within the array and by the
eppearance of ifferent phases at different epicentral distances. The
azimuth is difficult to determine accurately from & single avray station,
especially at distances beyond about 3°, considering horizontal rvefraction
in the crust and upper mantle. The conditions would certeinly be very much
improved if two or more array stations are situated at optimum relative
distances, On the basis of our measurem¢nts we find that a reess.onable
lover limit of the relative distance between two or more array stations
equipped with scismometers like TFSO, is 3% up tc that distance the

first phases are sharp and the arrival times on different seismameters of
the array can be determined with en accuray of 0,01 sec. The upper limit
of the relative distance of two or more array stations depends on the
magnitude limit, dow~ to which cne vants all events to be recorded within

some glven area. Frus the perceptibility of the station we found that
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twe or rore array stations of TFSO-type at a relative distance of 500 km
vo 1A agsure all earthquikes t~ be recorded down t megnitude +2.0 in
the region betweeu the stations,

1he appiication of an array station to regional probiems displays
botl advantages and ehortaomings. 'The superiority of the seismographic
aRrray station over conventional stations results from the following
factors:

a) the high sensitivity of the single scismometers;

B) the possibility t > improve the signal-to-noise ratio;

y) the regular spacing of seismometers;

§) the possibility to process the data automatically, if recorded on
magnetic tape;

€) the conveniencc of operating the station within a relatively
limited ar-a,

The main shortcoming of the array station if campared with a
network of conventional stations, is the limitation in accuracy in
spite of the dimensions of the array.

It is essentially impossible to record carthquakes with small
magnitudes at distances greater than some critical distance. No increase
of the signal-to-noise ratio can improve this. The only possible way to
include small local carthquakes seems to be to record them at small
epicentral distances,

It may seem impossible L. study the attenuation of seismic waves
from records of & single station, even an array station, since both the
magritude and the epicentral distance vary from earthquake to earthquake,
However, even in this problem the array station records have proved to
deliver results comparsble to those of a netwerk of conventional
stations., The propsgation of seismic waves at short epicentral distances
tuimed nut to be complicated, The repid increase of wave periods at

distanees ¢f 100 km and 325 km cause a sudden increase in the wave
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attenuetion. This is especially clear for Sg-wuves, carrying most of
the seismic er.rgy. The knowvledge of the mivenuation pattern allowed a

better estimation of the seismic energy released in small eerthqcakes,
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Appendix to the present report.

Journeys in connection with the present Contract

The journeys listed below have been undertaken by S.J. Duda,
vhereas M. Bith has only taken part in some of the journeys to
Stockholm for planning purposec:

1) To Stockholm, in 1962 to visit several institutes for the planning
of collaboration in the more preliminary stage of the work, in 1963

mainly to the Royal Water Power Board for the photoelastic
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investigations.

2) To the Seismological Laboratory in Pasadena, Jan.-Sep., 196k, and
visits to a number of geophysical institutes in travelling across U,S.
3) Central Sweden, Nov, 1964, searching for a suitable location for the
wossible installation of a stra'.n seismometer.

4) Royal Society, London, Jan. 1965, seismological couference, on the

invitation of the Royal Society.
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In this section we giv~ a ccuplet~ account on income and

expenses for the whole period of the Contract. As there are still

soce income and expenses to come, some of these items will have to

be slightly preliminary (this is mentioned in every pertinent

case below).

Income Swedish Crowns
1962

June 29, from EOAR, Brussels ccceocccccoscasscscacs 1129700
Aug. 15, from EOAR, Brussels eeececcccscsscscossscs 20560300
1963

Feb. 15, from EOAR, Brussels esceccescecccccscsosce 15502 :50
Aug. 9, from EOAR, Brussels .cececcccesrcccscccsscs 10360:00
1964

Feb. 7, from EOAR, Brussels eececscsccsscccscscss 10360:00
Aug. 25, from EOAR, Brussels .ccesececcsscccscscnce 10250:00
1965

Apr. 29, from EOAR, Brussels eescccocccorcsscsccssce 10270:00
July - , from EOAR, Brussels (forthcoming) .eeesece 9859100
Total income S A 98458:50
Expenses Swedish Crowns
1962

June 28, Mr. S.J. Duda, salary for June, 1962 .... 2000:00
July 27, Mr. S.J. Duda, salary for July, 1962 .... 2000100
Aug. 30, Mr. S.J. Duda, salary for Aug., 1962 .... 2000:00
Sep. 24, Mr. S.J. Duda, salary for Sep., 1962 ..., 2000300
Oct. 23, Mr. S.J. Duda, salary for Oct., 1962 +... 200C:00
Nov. 5, Mrs. E. Dreimanis, drawing of figures ... 270:00




Fxpenses (oont.)

1962

Nov. 26,

" 27,

Dec. 15,

" 28,
1963

Jan. 8,

" 29’

Feb., 26,

" 26,
Mar. 6,
Apr. 1,

" 1,

"o 25,

" 26 R

May 21,

June 26,

" 26,
July 27,
" 29,

" 29’

Aug. 28,

Lindetdhl Bookshop, Stockholm, six books

in rheology and related topics8 cececsceses
Mr. S.J. Duda, salary for Nov., 1962 .....
Mrs. E. Dreimanis, drawing of figures ...
Mr. S.J. Duda, salary for Dece, 1962 +¢:e0s

Mrs. E. Dreimanis, drawing of figures ...

Frisk's Photo, Uppsala, photographic work
Mr. S.J. Duda, salary for Jan., 1963 +ecee.
Ljuskonie.ingen, Uppsala, photographic work
Mr. S.J. Duda, salary for Feb., 1963 .....
Weidemann Bookshop, Hanover, 2 books ecee.
Lindstdhl Bookshop, Stockholm, 1 book +sss
Heffer & Sons Bo~vshop, Cambridge, 1 book
Mr. S.J. Duda, salary for Mar., 1963 .e.ee
Mrs. E. Dreinmanis, drawing of figures ...
Mrs. E. Dreimanis, drawing of figures «...
Mr. S.J. Duda, salary for Apr., 1963 «cees
Hellgren & Co., Uppsala, electrostencils .
Mr. S.J. Duda, salary for May, 1963 .cceces
Mr. S.J. Duda, salary for June, 1963 «ees.
Mrs. E. Dreimenis, drawing of figures ...
Ljuskopie-:ingen, Uppsala, photographic work
Heligren & Co., Uppsala, electrostencil ..
Mr. S.J. Duda, salary for July, 1963 .....
Linds t4hl Bookshop, Stockholm, 1 book
(photoelasticity) eeceecssccccscscsssccscss

Mr. S.J. Duda, salary for Augo, 1963 xXxxx

Swedish Crowns

394175
2000400
235100
2000:00

40300

29600
2000:00
237164
2000:00
136:08
113:00
18135
2000:00
700:00
15:00
2000:00
126300
2000:00
2000:00
80:00
27312
31:90
2000:0C

17255
2000300




Expenses (cont.)

1963
Sep. 28,
Oct. 29,

Nov. 28,

" 28,

" 28,

Dec. 21,

"2,

" 21,

" 21’

1964
Jan. 23,

" 23’

"o23,
"oo23,
"o 23,
Feb. 25,

" 25’

Mar. 24,

" 24,

Mr. S8.J. Duda, salary for Sep., 1963

Mr. S.J. Duda, salary for Oct., 1963

300 reprints of Duda's paper on Chile

earthquakes, J. Geophys. Res., 68, 5531=5544

Kungl. Statskontoret, Stockholm, computer
work fox photoelastic measurements

Mr. S.J. Duda, salary for Nov., 1963

Dr. R. Hilischer, Stoc“holm, expenses for
photoelastic experiments sccesevccccsosses
Mr. S.J. Duda, salary for Dece., 1963 ..c.ce.
Mr. S.J. Duda, 33 journeys to Stockholm in
the interval May 1, 19€62-December 31, 1963,
20300 Cr. per JOUrney eececesesccceccccccss
Mr. S.J. Duda, advance payment for USA-
Journey ceccsececcscccsrscevcosssressesces
Mr. S.J. Duda, salary for January, 1964 ..
Roy. Astr. Soc., 325 reprints of paper by
Duda & BAth .ccccecccecsccssesscssicsscsne
Lundequist Bookshop, Uppsala, drawing tools
Hellgren & Co., Uppsala, electrostencils .
Mrs. E. Dreimanis, drawing of figures ...
Mr. S.J. Duda, salary for February, 1964 .
Istituto Geofisico Italiano, Milano, 300
reprints of paper "Strain release ose¢¢" 4o
Mr. S.J. Duda, salary for March, 1564 ....
Frisk's Photo, Uppsala, photos of figures

for Semi-Annual Report

Swedish Crowns

2000:00

2000:00

1534 :47

45:00

2000:00

1014 :40

2000:00

660300

2500:00

2500100

274152

99146

152:15

A20:10

2500:00

346:73
2500:00

119:00
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Expenses (cont.) Swedish Crowns
1964
Apr. 17, Mr. S.J. Duda, advance travel expenses ... 1614:25
" 24, ¥r. S.J. ™3, ralary for April, 1964 .e.. 2500:00
Mgy 26, Mr. S.J. Duda, salary for May, 1964 .ecc.. 2500:00
June 2%, Mr. S.J. Duda, salary for June, 1964 ..... 2500:00
July 24, Mr. S.J. Tuda, salary for July, 1964 ..... 2500300
Aug. 25, Mr. S.J. Duda, salary for Aug., 1964 ..... 2500:00
Sep. 1, Mr. S.J. Duda, advance travel grant ..ecee. 2571:25

" 30, Mr. S.J. Duda, salary for Sep., 1964,
= 2/3 « 2500 + 1/5 o 2000 ceceecccccennves 2355300
" 30, Mr. S.J. Duda, remaining travel expenses

incl. per diem costs during 44 travel days

at ’ 15 per day 0000000000000 00000000000s0 2018322
Oct. 27, Mr. S.J. Duda, salary for Oct., 1964 ..... 2000:00
Nov. 25, Mr. S.J. Duda, salary for Nov., 1964 .cee. 2000300

Dec. 22, Tipografia S. Pio X, Rome, 300 reprints

Ann, di Geofisica (B&th & Duda) esececsses 125397
" 23 Mr. S.J. Duda, salary for Dec;, 1964 ceeee 2000:00
1965
Feb. 1, Mr. S.J. Duda, salary for Jane, 1965 .cess 2000:00
" l, Mrs. E. Dreimanis, drawing of figures .... 255:00
" 26, Mr. S.J. Duda, salary for Fed., 1965 .ec.. 2000:00
Mar. 26, Mr. S.J. Duda, salary for Mar., 1965 ... 2000:00
Apr. 26, Mr. 5.J. Duda, salary for Apr., 1965 ..s.. 2000300
" 27, Mrs. E. Dreimanis, drawing of figures .... 305:00
May 25, Mr. S.J. Duda, salary for May, 1965 «eeeee 2000:00
" 29, Mrs. E. Dreimanis, drawing of figu.e8 +es. 265300

June 3, Lundequist Bookshop, Uppsala, drawing

materials 0040000000000 00000000c000000000 101885




Expenses (cont.) Swedish Crowns
1965
June 3, X-kopia, Uppsala, reproduction of drawings 407337

" 24, Seismological Institute, e¢xpenses for

preparation of reports (stencils, paper, etc) 900:34
" 24, X~kopia, Uppsala, electrostencils eececeee 108:13

Forthcoming expenses:

Reprints of publications (5), {6) and (7),

300 copies Of €4Ch cecececsseocccccsscesane 2217:00

Mr. S.J. Duda, compensation for increased

living expenses, 100 Sw.Cr. per month in

the interval Oct. 1964 - May 1965 (pending

permiSSion from EOAR) C00essessecenoseree 800:00

Total expenses 0862000700000 000080600000000000000008 98458350

Markus Bdth
Project Scientist
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SECULAR SZISMIC ENERGY RELEASE IN THE CIRCUM-PACIFIC BELT
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SUMMARY
The paper is based on the data of vhe largest earthquakes in the 68
years from 1897 to 1964, inclusive. The most complete list of pertinent
earthquakes ever published was compiled and is attached as an Appendix,

The circum-Pacific seism’~ belt is divided into eight regions
showing different intensities of strain energy release and statistically
different b-coefficients in the recurrence diagrams, which relate
number of earcquakes to magnitude. The intensities and b-coefficients
are correlated with each other, indicating that th: becoefficient
«epends on the stress pattern, Inferences are drswn as to the
generation of aftershock sequences.,

The seismic energy release per year has decreased significantly
in the time interval investigated in all depth ranges in the circum-
Pacific belt and outside of it. However, any extrapolation beyond

that time would be speculative,

INTROMUCTICK

Instru:e~ta. seismology exists since about T5 years ago. Seismograns
of the largest zartaquakes are available for the entire time intarval,
and the coordinates, origin times, focal depths and magnitudes of &
considerable number of these earthquakes have been published, With
these data as basis sevaral questioas concerning the scismic activity
during that time can be answered.

This time interval is short in the scale of the history of the
earth, Lowever, this is the longest one, for which a quantitativr,

non-spec-lative analysis of the seismicity is possible. Sneaking




e
sbout the seismic activity in this time interval, we shall use ths
term “secular seismic activity", as done elsevhere in similar
cases,
Fnergetically the seismic activity of the circum~Pacific belt
is the most outstanding, In average, only 24% of the earth's total
seismic activity, in terms of energy released, occur outside of it.
Therefore, any statictical conclusions will be best founded for
this belt, and in the following we shall refer only occasionally
to the seismic energy release in the non-Pacific regzionms.
Benioff (1951) investizated the worlde-wile strain accumulati.n
and release in great earthquakes for the year: 1904-1950, Be stated
that shallow earthquakes of magnitudes 8.0 and greater are not
independent of each other. This statement could be confirmed in the
present investigation and found to be true for earthquakee with
magnitudes down to 7.0.
The followiny problems are dincussed in the present
inves: zations
1. the intensity of secular seismic energy release, i.e. the seismic
energy releascd per unit time and unit space in different
recions of the circum-Pacific belt;

2. the relation between the number of earthquakes and their
magnitudes;

3. the pactern of mutusl dependence of seismic energy release in

different depth ranges, and in time.

MATERIAL AND ITS SUBDIVISICHN

List of earthquakes

Richter's magnitude M is applied throvghout the investigation
(Richter, 1958), Only earthquakes with magnitude M > 7.0 are used

in the folloving. The considerstions are related to the entire




interval of 68 years, from 1897-1964, unless otherwise mentioned.

The earthquake data were first adopted from the following
sources:

1, for 1897-1903 from Gutenberg (1956a), with magnitudes given
by Richter (1958),

2. for 1904-1952 from Gutenberg and Richter (1954), with magnitude
revisions by Richter (1958);

3. for 1953-Sep., 1957 “rom the Seismological Bulletin, Pasadens,
Calif,, as rompiled and revised by Gutenberg at the end of every
year;

L, for Oct. 1957-1963 from the Provisional Readings at Pasadena;

5. for 1964 from the Seismclogical Bulletin issued at Uppsala.

The earthquakes in 1897-1903 are only incompletely known, The
number of earthque:es with megnitude 7.0 and above is compilete
since 1918, The number is incomplete for magnitudes below T.9 in
1904-1917 (Gutenberg and Richter, 195u).

In the present study an attempt was made to find earthquakes
with magnitude down to 7.0 also for the ime interval 1904-1917.
For this purpose the records of +he Seismological Institute in
Uppsala were used. The station at Uppaala started operation on
October 8, 1904, after installation of a Wiechert seismograph. The
instrument has been in practically continuous operation ever since,
and &ll records are stored at the institute. This provides a unique
opportunity to complete the list for the largest earthquakes,

All earthquakes with surface-wave amplitudes indicating a
magnitude of 7.0 and above from October 8, 1904, to December 31,
1917, were listed. For this time 1k6 earthquakes could be added to
the 138 reported by Gutenberg and Richter (1954), Data on epicenters

of the additional shocks were compiled from various sources:




1, for 19C5-1909 from Szirtes (1909, 1910, 1912, 1913);

2. for 1910 from Milne {1913);

3. for 1911 from Watzof (1921);

b, for 1912 from Scnneider (191k);

5. for 1913, 1914, 1915 and 1917 from Turuer (1917) and the monthly
bulletine of the British Association for the Advancement of
Science;

6. for 1916 from Turnmer (1919).

In most cases the epicenires of the additional earthquakes are
less accurate, It is impossible to improve the accuracy from records
of a single station, and the published P-arrival times display a
considerable scatter of residual times. However, in our
investigation the earthquakes are classifiecd according to regions
of size exceeding the expected error in location. Thus, the
inaccuracy will not influence the final results.

The additional earthquakes are assumed to have normal focal
depth as evidenced by the records. The magnitudes are based on all
appropriate phases (P, PP, S, Lnax)’ which could be identified on
the Uppsala seismograms. The magnitudes of the new earthquakes are
consistent with the most recent determinations by Gutenberg and
Richter (195L) and Richter (1958). The procedure of magnitude
determination applied is presented by B&th (195k).

It is difficult to estimate how far the additional earthquakes
£ill the gap in OGuteaberg and Richter's (195L) list. Most probably
some earthquakes with focal -depth greater than normc are still
missing, since their identification is difficult from a single
station. However, it is our belief, that for the interval 190k~
1917 practically all shallow earthquakes are now known with

magnitudes 7.0 and above in the distance range up to 100° from




Uppsala. This range includes the seismically most active regions
in the world.

In ihe Appendix a collocation of all known earthquakes in the
consiered magnitude range from 1897 through 1764 is given. This
list serves as a basis for our investigation and is the most
complete in existence at present. The magnitudes are as consistent
as possible,

Depth ranges of the earthquuke foci

The earthquakes investigated are classified according to their

focel depth. The limiting depth between shallow and intermediate
shocks is taken at 65 km, as usual, The limiting depth between
internediate and deep earthquakes is taken at US0 km. This is
different from what has been used hitherto, but strongly recommended
by the results of an investigation of the strain release versus focal
depta (Bith and Duda, 1963), The shallow and intermcdiate earth-
quakes in the depth range 0-U00 km form one unity and the deep
earthquakes in the range 475-650 km form another. These results

ar velid as well for the secular strain energy release versus

focal depth, In the present investigation preference is given to
the concept of "strain energy reiease" instead of ".train release"
(Bdth and Duda, 1964),

Whereas the limit between shallow and intermediate earthquakes
is of rather formal significance, the depth between 400°and 475 km,
separating intermediate from deep earthquakes, possibly also
separates earthquakes with different genesis and focal mechanism,

There is fairly general agreement that shaliow and intermediate
earthquakes are due to faulting., However, as shown recently by
Benioff (1963) for two instances, the strain seismometer recordings

of deep-focus earthquakes focal depth 600+ km) indicated a "source




in the form of a sudden contraction of a volume of rock at the
hypocenter such as might result from a sudden chauge of state",

Comparing Benioff's result with the strain release versus
depth curve (B&th and Duda, 1963), a depth limit between 400 and
475 km, say 450 km, between the two ranges i. most justified
(Table I).

If Benioff's hypothesis is accepted, the term "seismic energy
release” will have different mearings for shallow and intermediate
earthquakes on one side and for deep earthquakes on the other. In
th: first case the seismic energy originates from the reduction
of a mechanical stress accurulated around a fault; in the second
case it originates from the dynamical effect of a change of state
of the material, caused by pressure and temperature conditions.

It is obviously true to spesk about a "seismic energy release"
at any depth range. If the term "strain energy release" is used in
relation to shallow and intermediate earthquakes, the term "release
of the energy of state" could be used for deep earthquakes,

In this paper the general ternm "seismic energy release™ will
be used indcpendently of depth, whereas the term "strain energy
release™ will be reserved for shallow and intermediate earthquakes,

Subdivision of the cireum-Pacific belt

For the purpose of the present investigation the circum-Pacific
belt is divided into eight regions (Fig. 1), as evidenced by the
distribution of shellow earthquakes. A continuous distribution of
epicentres along the belt definesa region. A discontinui:y or
change of trend in the epicentre distribution defines its limita,
The shallow shocks in each of the eight regions of the circume
Pacifi belt form linear structures, here called arcs (ouly in
its geometrical sense), The lengths of the arcs are giver in

Table II,




The size of each region is dicta:ed by the number of earth-
quakes which has to be large enough to allow statistically
significant conclusions. Although from the point of view of
tectonics the subdivision into eight regions is not unambiguous,
from the point of view of circum-Pacific seismicity it appears
useful and renders some clear results,

The distribution of epicenters (Appendix) in the circum-
Pacific velt is in agreement with earlier findings (Gutenberg and
Richter, 1954), On the other hand,it is noteworthy that the
epicentres of shallow earthquakes outside the circum-Pacific belt
form an apex at about 50°N. 100°E, From this point two branches
emanate, one running southward and merging into the Burma arc,
the other running southwestward, meeting the Alpide belt in Pemir
e8 indicated by the shading in Fig. 1. The first branch parallels
the northwestern part of the circum-Pacific belit along Japan,
Formosa, Philippines, Celebes and Moluccas (Region 4 Fig, 1) dut
also the Caroline and Mariana Islands (Region 8, Fig. 1). Thus,
there are three belts of shallow earthquekes in the northwestern

Facific area, running parallel to the continental border.

RECURRENCE DIAGRAMS
The frequency n of earthquakes in a region, i.e. the number of
earthquakes in a certain time interval with mognitude M+AM, was

found to be connected with the magnitude M by the formula:
log n = a = B(M=8) (1)
(Gutenberg ané Richter, 195k). The constants in formula (1) cannot

be determined directly, unless the magnitude intervals are chosen

great enough to include at least one shock each, As pointed out
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by Utsu (1961), it is advisable instead to determine the constants
in the relation:

log N = a - bM, (2)

where N denotes the cumulative frequency of earthquakes, i.e,
the number of earthquakes per unit time interval with magnitudes

down to M. The constants in the formulae (1) and (2) are related to

each cther:
b=g (3)
a=a+ 8b -~ log(b 1nl0). (4)

In the present paper log and ln are the logarithms to the base
10 and e, respectively,

The constant a is the logarithm of the total aumber of
earthquakes with megnitudes down to zero (supposine °~ velation
(2) cen be extrapolated so far without a change of the parameters).
The constant depends o.. the length of the unit time interval and
the size of the region considered.

The constant b indicates the relative proportion of earth=
quakes with high and low magnitudes. Supposing the seismic energy
release pattern to be preserved in time and space within a region,
b is independent of the length of time and the sire of the region
considered, if the number of ecarthquakes is sufficiently large.

We assume a and b to be constant in the magnitude range
investigated, and b not to have changed with time in that range.

An objection against formula (1) and consequently formula

(2) was put forward by Tsuboi (1958) when he pointed out that the




coefficients a and b in a relation equivalent with (2) are not
independent of each other. From the largest earthquakes in Japan

-

he reported a relztion in the form:
a=8b, (5)

Really, from our a- and b-coefficients in Table II for shallow
as well as for shallow plus intermediate earthquakes a similer
relation can be derived., In our opinion, however, (5) shows an
apparent relation between & and b, being only a consequence of
the sampling of earthquekes. This is easily scen from Fig. 2.
Let us consider recurrence diagrems for two populations of

earthquakes presented in Fig. 2 by solid lines, and the equations:

log N = a -~ bdM

(6)
log N'= a'- bM,

The diagrams correspond to the magnitude ranges Ml'M2 and Mi-Mé
respectively with Mi < Mé <M1< M2' Without lost of generality the
b-co Pficients are assumed to be identical. We also assume the
total numbers of earthquakes N and N' to be equal. Mo and M6 are
the corresponding magnitudes if in (6) N and N' are put equal to

1. From the geometry of Fig. 2 it is seer immediately, that

< (1)

Comparing this with (5) we see that the factor 8 in (5) depends
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primarily on the megnitude range considered. The factor denctes
the intercept magnitude for which one carihguake would have been
observed, if the extrapolation of the recurrence diegram would
be justified beyond the magnitude range, for which it was found.
This extrapolation is, however, by no means obvious (Duda, 1965).

In conclusion, a and b cannot gcenerally be dependent on each
other in the form {5). The relations (5) or (7), as also the
factors a and Mo depend on the sampling of data, i.e, the
magnitude range considered, as well as the number of earthquakes
or the length of the time interval under investigation. Therefore,
the b-coefficient deserves a greater attention, since it is
independent of the length of time or number of earthquakes,
provided the number exceeds some critical value.

The importance of the last condition was pointed out by
Tsuboi (1952) who showed the coefficients a and b to reach a
stationary value not before the laps of a certain time,
ariounting to about 15 years in Japan, corresponding to a
sufficiently great number of earthquakes. An insufficient number
of earthquakes causes the b-coefficient to be small (Tsuboi,
1952).

However, no generel criterion is known so far for the
number éf earthquakes per unit magnitude range in an earthquake
sequence, vhich assures the coefficients to become stationary,
Generally, it can be said that the larger the number of eerth-
quakes is, the more reliable are the coefficients determined,

The constants & and b were found for seven of the circum-
Pacific regions. In Region 8 (Caroline, Mariana Islands) no
determination is possible due to the small number of earthguakes,
For the came reason no determination is made separately for

intermediate earthquakes, nor for deep earthquakes, for yhicb_




in addition the magnitude range is very narrow,

It is understood that for the determinution of a and b
only the magnitude range is considered in which the number of
earthquakes in all regions may be assumed to be complete., In our
case only earthquakes with M>7.0 are used, for which the lists
are complete in all regions “eginning with the year 1918. Fig. 3
shows the recurrence diagrams for shallow (curve A), and shallow
plus intermediate (curve B) earthquakes in the circum~Pacific
and non-Pacific regions, In Table II are given the respective
a- and b-coefficients obtained from a least-square approximation
of the cmpirical curves by equation (2). The rectilinear
approximation of the observatioral data in Fig. 3 is seen to de
best for magnitudes between 7.0 end say, T.8. For higher
magnitudes the deviations become greater in general, due to the
smaller number of earthquakes in every region.

The curve for Region 3 (Aleutians, Alaska) is better suited
for a curvilinear approximation. This may be caused by tne
superposition of two natural populations of earthquakes, If the
component populations have rectilinear recurrence diagrams with
different b-coefficients, the resulting diagram will be
curvilinear, as indicated by Tsuboi (1952). This may also arise,
if the b-coefficient in a region changes with time. It is
satisfying that only one of our circum-Pacific regions exhibits
this inhomogeneity, which does not even influence significantly
the b=coefficient obtained from the rectilinear approximation
of the recurrence diagran,

We state immediately that nostatistically significant
differences exist between the becoefficients for the shallow
earthquakes on one side and the shallow plus intermediate

earthquakes onthe other, within each region,
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The b-coefficients vary significantly from region to region.
The highest value is found for Region € (New Hebrides, Solomon
Islands, New Guinea), the lowest for Region 3 (Aleutians,
Alaska),

A etriking difference is revealed between the becoefficients
in Teble II ard those found for two aftershock sequences in
different circum-Pacific regione. For the Kamchatka 1952 after-
shock sequence it amounted to 1.5 (B&th and Benioff, 1958), as
compared with 1.01+0.05 for Region 4 (Japan, Kurile, Kamchatke)
or with an identical velue by Tsuboi (1952) for Japanese earth-
quakes in the magnitude range 6.0-7.7 and the time interval
1931-1950. For the fleutian Islands 1957 aftershock sequence it
vas 1.45 (Dude, 1962), as compared with 0,73+0.08 for Region 3
(Aleutian Islands, Alaska). In a third case the difference is
not confirmed: for the Chilean 1960 aftershock sequence it was
fornd to be 0.7 (Dude, 1963), as compared with 0.9140.09 for
Region 1 (South America).

Teble II also contains the becoefficients for shallow as
well as shallow and intermediate earthquakes outside the circum-
Pacific belt (Region 7). Since these earthquakes ocurred in a
broad variety of tectonic units, the coefficients are only of

formal importance.

ENERGY OF EARTHQUAKES
Throughout the computetions I applied the magnitude-energy

converaion formule by B&th (1958), being practically e-ual to
the most recent one publisihed by Gutenberg (1956b), and within

error limits independent of focal depth:

log E = 12,24 + 1,44 M E in ergs (8)
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Kumbers, wagnitudes and energies of earthquakes in different

regions and focal depths
Out of a total of 1263 earthquakes in the time interval and

magnitude range under investigation (sce Appendix), 1004 (79 %)

have epicentres in the circum-Pacific belt {Table II).

25 5

Of the total seismic cnergy of 38.7x10 ° ergs, 29.5x102
erge (76 %) originatcd in the circum-Pacific belt,

With the exception of DRegion 8 {Caroline, Mariana Islands)
the number of earthquakes and the strain crergy are greater for
staliow than for intermediate shocks. These figures are always
lovest for deep ghocks.,

The greatest total number of earthquakes occurred in Region
6 (New Lebrides, Solomcn Islands, New Guinea).

The maximun totael seismi. energy was released in Region U
«Japan, Kurile, Kamchatksa).

The earthquakes with maximum magnitude occur at intermediate
depths only in Region 6 (New Hebrides, Soiomon islands, New
Guinea) and Region 8 (Caroline, iiariana Islands). In all other
regioas tic maximum megnitudc is observed st shallow depths,

If the maximum magnitude in a depth .ange is assumed to be
an evidence of the strength of the material, it may be concluded
that tbe strength generally decre-ses with depth from shallow to
intermediate earthquakes,

As an average for all pertinent regions, the maximum
magnitude of deep earthquakes is 1.1 units lower than the
maximum magnitude for shallcw or intermediate carthquakes
(Table II). Thus, a deep carthquake, whatever its genesis is,
relcases o maximum seismic energy distinctly lower than the

greatest earthqueke in the other depth ranges.
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Stra.n energy ralease in the circum-Pacific regions

The circum=Pacific regions 1-8 differ in size (Fig. 1). To obtain

a measure of the intensity of seismic activity it would be
advisable to relate the number of earthquakes or the seismic
energy tc unit length of arc (as defined above), or unit area
drawn by the earthquake epicentres, or, even better, to unit
volume drawn by the earthquake hypccentres. Because of the
uncertainty n the position of the earthquakes, the size of the
epicentral arez and especially the hypocentral volume would
be too inaccurate. On the contrary, the length of arc drawn by
the epicentres cen be determined fairly accurately, as it is
much greater than the uncertainty of a single epicentre deter-
minatic21, Therefo.e, we relate the seismic energy of shallow
earthquakes in the circum-Pacific belt to one degreeof arc, This
procedure is not possible ror shocks in the other depth ranges,
since the intermediate and especially the deep earthquakes
occur in clusters and the arched structure of epicentre
distribvzion is discontinuous.,

The time intervals investigated are practically identical
for all regions. Thus, the strain energy released in shallow
earthquakes per degree of arc is a measure of intensity,
comparable in all regions. From Table II we find the intensity
in shallov earthquakes to be highest .n the NW part (Region U)
and the SE part (Region 1) of the circum-Pacific belt. Starting
vwith Region U and proceeding around the Pacific Ocean in both
directions, the intensity decreases from region to region.
Thereby Region 8 is neglectel, which parallels Region 5 and ie
energetically uni: vortant,

This model of circum-Pacific seismicity with the regioms

of highest intrnsity o1 strain energy release in the NW and SE
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parts is most probably related tc the tectonical movements of
the structure. Any model of the circum-Pacific tectonics should
include and explain the features of the intensity of strain
release,

Foult-plane solutions are known for only a rew and mainly
the most recent of the earthquakes used in . - investigation,
Thus, any tectonical model can only be tentative, Nevertheless,
the distridution of the intensity of strain releasc does not
offer support for the hypothesis of the relative rotation of the

. Pacific Ocean bo*tom and the surrounding continents (Benioff,
1957; St. Amand, 1957).

In Fig.lA the b-coefficients are presented as function of
strain energy release per 1° of arc., The b-coefficients in
Regicn 3(Aleutian Islands, Alaske) and in Region 7 (New Zealand,
Tonga, Kermadec) p-obably did not reach their stationary values,
because of the low number of earthquakes and are therefore
neglected here. (hen, regions with high strain eneryy release
per 1° of arc tend to have a low b-cocfficient, i.e. the
proportion of earthquakes with low magnituues is smaller and
conversely, regions with low sirain energy release per 1° of arc
tend to have a high b-coefficient, i.e. the proportion of earth-
quakes with lov magnitudes is greater. The regiuvns with lowest b=
coefficients are situated in the NW and SE parts of the circum-
Pacific belt,

Pig, 4B displays the greatest magnitudes in shallow circum-
Pacific earthquakes in relation to the strain energy release per
1° of arc. The maximmm megnitude in regions with high intensity
of ztrain energy release tends to be greater and coaversely, the

maxinum magnitude in regions with low intensity tends to be
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smaller. This tendency fits into a physical model which explains
the behaviour of the b-coefficient shown in Fig. LA, us welli as
the difference between the "secular" b-coefficient and the b=
coefficients in several aftershock sequences. This model will
now be presented.

As the maximum magnitude is highe 't in regions with the
greatest strain energy release per 1° of arc (Fig. 4B), the
medium seems to be highly stressed. (Only the non-hydrostatic
stress is considered.) It may be concluded that a high strain
energy release per 1° of arc is accompanied Dy a high average
stress accumulated in the considered region.

A high average stress in & region will result in a small
b-coefficient, i.e. a large proportion of strong earthquakes;
and vice versa, a low average stress in a region will result in
a large b-coefficient, i.e. a large proportion of small eartu=
quakes,

Turning now to the aftershock sequences, ‘e 1o5und for the
Kamchatka 1952 and the Aleutian Islands 1957 sequences the b=
coefficients to be distinctly greater than the secular b-
coefficients in the same regions. This implies the aftershocks
to occur in a volume with reduced stress, if compared with the
average, acting over a longer time interval in the region. This
is expected from and well compatible with Benioff's (1951)
hypothesis on aftershock generation. According to this, the
aftershocks are a manifestation of the elastic afterworking of
the material, following the release of the pure elastic
deformation in the main shock. As a consequence of the main shock,
the stress in the earthquake volume is reduced. However, the

af’ ~rskock hypocentres were found to draw a volume practically
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identicil with the earthguake volume of the main shock (Bdth

and Duda, 1964). In analogy with the behaviour of the secular
becoefficients in the circum-Pacific regions with low average
stress, the b-coefficients for aftershocks are expected to be
greater than the secular b-c~2fficients in the corresponding

regions, just as found from our comparison.

In course of an aftershock sequence the stress is reduced
consecutively. This should cause the b-coefficient to inciease
with time during the aftershock sequence. For practical reasons
it has not been possitle to cstablish this. The reduction of
average stress in course of an aftershock sequence is indicated

by the general decrease of the aftershock magnitude with time.

Seismic energy release per year

With the data given in the Appendix, the seismic energy release

as function cf time can be determined fairly well for the interval
of 68 years from 1897 through 196L. Although some earthquakes

are lacking before 1918, and especially before 1904, the
incompleteness is only of minor importaace for any comsideration
of the seismic energy release. The lacking earthquakes have
magnitudes not much exceeding 7.0 and would contribute only little
to the energy released.

Fig. S5ABC shows the histograms of the seismic energy release
per year in shailow, intermediate, and deep shocks in all circum-
Pacific regions, together with graphs of the corresponding numbers
of earthquakes. The histograms for all three depth renges exhibit
a decrease of the yearly seismic energy rclease, the least-square
approximations being:

for shallow shocks:

E(t) = [1480 - (0.75 + 0.25) t ]. 1023ergs 1897 < t < 196k  (9)
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for intermediate shocks:

E(t) = [515 - (0.26 + 0.11) t]. 10%3 ergs 1903 < t < 1964 (10)

for deep shocks:

E(t) = [30 = {0,015 + 0,009) t].10°7 ergs 1906 < t < 1964 (11)

The decrcase of the yearly seismic energy release in shallow
and intermediate earthquakes is not monotonous. Thus, the standard
deviations are lavge., The gcneral trend, however, is statistically
significant.

The decreese with time becomes gentler with increasing depth,
and is practically unimportani for deep gshocks. Here the general
trend is strengthened by the evidence from shallow and intermediate
earthquakes,

From the histogram for shallow earthquakes (Fig. SA) it is
seen that before 1906 the yearly strain energy release was much
above the mean, This was indicated already by Gutenberg and
Richter (195L) and Gutenberg (1956a). It fcllowed a p.riod of
quietness from 1907 to about 1916,

The histogram for intermediate shocks (Fig. SB) shows the
greatest el.vation above the average from about 1906 through
1916, A negative ccorelation is thus observed between the shallow
and intermediate earthquake energy for that particuiar time
interval, The energy decrease in both shallow and intermediate
earthquakes, as well as the negative correlaéion in 1906-1916
indicate a direct or indirect coupling between the strain energy
release in the two depth ranges,

The histograms in Fig. SAB bring up the question ¢. &~y
possible periodicity of strain energy release in different depth

ranges, A firct look does not promise any periodicity to be found,
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Really, autocorrelation of the yearly strain energy release

both in shallow and intermediate earthquakes and crosscorrelation
of both data sets together gave negative results. The
correlation coefficients turn out to te insignificant,

It may be concludc” that no statistically significant
periodicity or continuous correlation of strain energy release
exists in shallow or intermediate earthquakes, This does not
influence the previous finding of a distinctly negative correlation
between the two depth ranges for the limited interval between
1906 and 1916,

The negative result of the search for a periodicity in the
yearly strain energy release in the entire circum-Pacific belt
does not exclude the possibility for periocdicities on a smaller
scale of space and time, or in a larger time interval worldwide,

Fig.SDE presents the histograms of the yearly strain energy
release in the non-Pacific regions for shallow and intermediate
earthquakes respectively. A least-square solution yields for the

ghallow earthquakes:

E(t) = [570 - (0.29 + 0.13) t]. 10°> ergs 1897 < t < 1964 (12)

Also here a decrease with time is indicated.

For intermediate earthquakes in the non-Pacific regions
(Fig.5%) the data are toc scanty for a least-square approximation,
An approximation shows this summary struin energy release in the
first part of the investigated time interval (1903-1933) to be
distinctly greater (57.61 . 1023 ergs in 28 earthquakes) than
in the second part (1934-196k : 17.64 . 1023 ergs in 18 earth-
quakes).

Thus, the annual seismic eaergy release in the world shows
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a clear indication of decrease in the interval 189T-196L.

In addition to the least-square solutions for the energy

variations with time, alsc arithmetic means of the yearly

cnergies and of the yearly numbers of earthquakes have bee:.

computed for intervals for vhich reliable observations are

available,These mcans are presented in Table III and Fig. S.

RESULTS AND CONCLUSIONS

1,

2,

3.

P

For the purposec of the present study a list of earthquakes
wvith magnitude 7.0 and above was compiled for the interval
1897-196L, inclusive. The list, attached as an Appendix, is
the most complete onc ever published.

The number of earthquakes as a function of their magnitude
was approximated by the regression formula (2). The formula
appears to be useful for the largest earthquakes in seven of
the circum-Pacific regions. The regression coefficient b
differs significantly between the regions and varies with
some regularity from region to region.

The highest intensities of strain energy release are found
in the northwestern (Japan, Kurile, Kamchatka) and south-
western (South America) pert of the circum-Pacific belt,
The intensity of strain energy release varies from region to
region, such that regions with lov intensity have & large
regression coefficient, and vice versa. The intensities of
strain energy release and the b-coefficients in the circum-
Pacific regions indicate a symmetry with respect to a great
circle crossing the Pacific COcean in the SE-NW direction,
The secular regression coefficients ar2 lower than for some
circum-Pacific aftershock sequences. This is in agreement

wvith Benioff's ().951) hypothesis of aftershock generationm.
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6. The seismic energy release per year in shallow and
intermediate earthquakes has decreased significantly in
the §8 years since 1897 botk in the circum-Pacific and the

non-Pacific regions.
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TABLE I. Depth ranges used for the classification of earthquakes

Earthquake group l Depth range Resarks l References
? I
Sha.lovw < 65k Gutonberg and
faulting Richter { 1954)
mechanisn
LN
Intermediate 66 ke - U50km’

. Bith and Duds,
‘ earthquake mechanism {1963); Benioff (1963
Deep 451 km - 720km possibly different
from faulting
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AYPERNDIX
Iatitudes and longitudes are consistently given to 0.10, even
if the accuracy is less, The nean error of the nagnitude is
0.2-0,3 unita, 8 = shallow depth,
Year Date GNT Iet Tong Depth  Magnitude
h n deg deg kn
1897 Ped 7 07 36 40,0¥ 140.0 E 8 83
19 20 48 38,0 N 142,0 E 8 863
19 23 48 38,0 N 142,00 E 8 Te9
Mey 13 12 30 12,0 N 124,0 E 8 7.9
Jun 12 11 06 26,0 N 91,0 E 8 8,7
Aug 5 00 12 3800 N 143.,0 E 8 8,7
15 12 18 18,0 N 120,0 E 8 1.9
16 07 54 39,0 N 143,0 E 8 TeS
Sep 20 i9 06 60N 122,0 E 8 8,6
21 05 12 6,0 N 122,0 E 8 847
Oct 18 23 48 12,0 N 126.0 E 8 8.1
20 14 24 12,0 N 126,00 E 8 7.9
1898 Jan 24 23 30 No informat.ion 8 Te9
Apr 22 23 36 39,0 N 142,0 E 8 8.3
29 16 18 12,0 ¥ 86,0 W 8 T.9
Jun 29 18 36 Region 3 8 8.3
Avg 31 19 54 Non-Pacific Region 8 T¢9
Nov 17 12 48 Region 7 ) 7.8
1899 Jen 24 23 43 17,0 N 98,0 W 8 8.4
Jun 14 11 09 18,0 N 77.0 W 8 To8
Jul 14 13 32 Region 2 8 T.8
Aug 24 15 09 Region 7 8 7.8
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Year late GMT Iat Long Depth  Magnitude
an 8 deg deg m
1899 Sep 4 00 22 60,0 N 142,0W 8 8.2
10 17 04 60,0 N 140,0 W 8 T8
10 21 41 60,0 N 140,00 ¥ g 8.6
29 17 03 3,085 128, E 8 T.8
Nov 23 5 49 53.0 8 159,0 E 8 7+9
24 18 42 32,0 8§ 131.0E 8 Te8
2k 18 55 32,08 131.,0E 8 7.8
1900 Jan 11 09 07 Region 7 8 7.8
20 06 33 30 20,0 N 105.0 W 8 8,2
sy 16 20 12 20,0 N 105,0 W 8 T68
Jun 21 20 52 20,0 N 80,0 W 8 Te9
Jul 29 06 59 10,0 S 165,0 E 8 8,1
Oct 7 21 04 4,0 S 14.1»'0.0 E 8 T8
9 12 28 60,0 N 142.,0VW 8 8,2
29 09 11 11,0 N 66,0 W 8 8.4
Dec 25 05 04 43.0 N 146.0 B 8 7.8
1901 Jan 7 00 29 30 2,0 8 82,0 W' 8 7,8
Apr 5 23 30 45 45.0 N 14§.O E s 7.9
Jun 24 07 02 30 27,0 F  130.0 E 8 769
Aug 9 09 23 30 20N 144,0E 8 7.9
9 13 01 22,0 S 170,00 E 8 8.4
9 18 33 45 40,0 N 144,00 E 8 8.2
Dec 14 22 57 45 14,0 N 122,0 E 8 7.8
31 09 02 30 52,0 8 177.0 W 8 7.8
1902 Jan 1 05 20 30 55,0 N 165,0 W 8 7.8
24 23 27 8,0 S 150,0 E 8 7.8

i
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Ysar Date GMT Iat Long Dapth Magnitude
h n = deg deg n
1902 Pedb 9 07 35 20,08 14,0V 8 7.8
Apr 19 02 23 30 14.0 N 91,0 W 8 842
Avg 22 03 00 40,0 N 77.0 E 8 8.6
Sep 22 | 01 4€ 30 18,0 N 146,00 E 8 8,1
23 20 18 30 16,0 N 93,0 W 8 844
Dec 12 23 10 29, N 114,0W B Te8
1,03 Jan ¢4 05 07 00 20,0 8 175f0 v 400 8.0
14 N1 47 326 15,0 N 98,0 W 8 A2
Pedb 1 09 34 30 48,0 N 98,0 ~ 8 Vot
27 00 43 18 8,085 106,0FE 8 €,1
May i3 06 34 06 17.0 S 168f0 E 8 7.9
Jun 2 13 17 00 5790 N 156,00 W 1w 8.3
Aug 11 04 32 54 36,0 N 23,0 E 100 83
Dec 28 02 56 00 7.0N 127.0 E 8 Te8
1904 Jan 20 14 52 06 7.0 N 79.0 W 8 Te9
Jun 7 08 17 54 40.0 N ]34.9 E 350 Te9
25 14 45 36 52,0 N 159,0 E 8 8.3
25 21 GO 30 52,0 N 159,0 E 8 8.1
27 00 09 00 52,08 159,0 E 8 Te9
Aug 24 20 59 54 30,0 N 130,0 E 8 7.9
27 21 56 06 64,0N 151,0W 8 8.3
Dec 20 05 44 18 8.5 N 83.0 W 8 843
1905 Jan 22 02 43 54 1,0 N 123,0FE 90 8.4
Peb 14 08 46 36 5.0 N 178,0 W ] 7.9
17 11 39 26 35,0 N 152,0 E 8 Te3

Mar 4 16 00 2¢ 4,05 149,0 E 8 Tel

e

KB i
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Year Date GMT Jat Long Depth Magnituds
h 2 =8 leg deg xm

1905 Mar 4 23 17.5 4,0 S 149,0 E ] 7.2
18 00 58 27.5 S 173,00 W o Te5

22 03 38 45 50,0 N  180.0 8 Te2

Apr 4 GC 50 00 33,0 N 76,0 E 8 8.6

26 21 42 21,0 S 70.0 W 8 760

May 18 13 45 06 4,0 8 149.0 E 8 TeS

Jun 2 05 39 42 34,0 N 132,0 E 100 769

14 11 30 30,0 S 159,0 W e 7.0

30 17 07 1,058 168,0W s 7.6

Jul 6 16 21 00 39,5 ¥ 142,5 E 8 7.9

9 09 40 24 49.0 N 99.0 E 8 8.4
11 15 37 30 22,0 8 143,0 E 450 7.25

23 02 46 12 49,0 N 98.0 E 8 867

Sep 1 02 45 36 45,0 N 143.0 E 230 Te5

8 0l 43 07 39.0 N 16,0 E ] 7.9

15 06 02 46 53,0 N 164.0 E (1 7.8

26 01209 29.0F 74,0 E 5 7.1

Oct 21 11 01 37 42,0 N 42,0 E 8 765
24 03 46 42 34,0 N 139,0 E 250 Te25

Nov 8 22 06 12 40,0 R 24,0 E B 7.8

Dec 4 12 20 25 58:0 N 37,0 E 8 TeO

10 12 36 36 50,0 N 180,0 8 Te0

1906 Jan 21 13 49 35 34,0 N 138,0 E 340 8.4
31 15 36 00 1,0 N 81.5 ¥ 8 8.9

Feb 19 0l 59 33 14,0 S 16090 E 8 Te2

Mar 2 06 15 15 43,0 N 80,0 E 8 Te3




Year Date GMT Iat Iong Deptk  Magnitude
h o s deg deg kn

1906 Mar 16 22 42 49 24,0 N 121,0 E 8 Teld
Apr 10 Q1. 22 2 9.0 N 138,C W & Te5

18 13 12 00 38,0 N 123,00 W 8 Be3

Jun 15 11 22 41 20,0 N 122,0 B 8 7.1

24 11 17 49 15,0 N 92,0 E 8 Te3

Aug 17 00 10 42 51,0 N 179.0 E 8 8.3

17 00 40 00 33,0 8 72,0 W 8 8.6

26 05 59 31 " 4,0 8 149.0 E 8 Ted

30 02 38 34 2.0 S 70.0 W 8 T.2

31 14 57 30 27.0 N 97.0 E i00 7.0

Sep 7 18 52.5 34,0 N 141.0 E 8 Ter

14 16 04 18 7.08 149,0 E 8 8.4

17 08 38 4,05 149,0 E 8 Tel

28 15 24 54 2,0 8 79.0 W 150 Te3

Cet 2 02 52 4.0 5 149.0 E 8 TeT

8 04 5% 38 53.5 N 154.5 E 200 7.0

17 09 40 19.C N 121,CE 8 T3

24 14 42 51 40,0 N 68,0 E 8 Tel

Nov 14 17 37 25,0 8 172,0 E 8 Tt
19 07 18 18 22,0 S 109,0 E 8 TeT5

Dec 3 22 59 24 15.0 N 61.0 W 100 T.5

19 01 14 20 19,0 S 172,0 W 8 Te3

22 18 21 00 43,5 N 85,0 E 8 843

23 17 22 40 59,0 N 171,0 W 8 Te6

26 06 53 28 18,0 S 73.0 W 8 7.9

1907 Jea 2 12 56,5 22,1 S  175%,1 W 8 Te3
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Year Date GMT lat Long Depth  Magnitude
h m 8 deg deg km
1907 Jan 4 05 19 29 2,0 N 96,3 E 8 7.8
Feb 3 19 34 57 6.0 8 148,0E 8 7.2
Mar 29 20 46 3C 3.0 N 122,0 E 500 125
31 22 00 36 18,05 177.0W 400 Te25
Apr 13 17 57 18 3645 N 70,5 K 260 Te0
15 06 08 0€ 17,0 N 1CO,0 W 3 863
18 23 52 26 13.6 N 122,99 E e 762
May 4 06 51 7.58 153.T E 8 TeT
] 08 36 48 28,0 N 141,0E 200 7.0
7 10 16 2.8 8 1kk,5 E 8 7.0
25 14 C2 08 515 N 147.0 E 600 7.9
Jun 13 09 38 53 39.5 U T3.0 W 8 Te7
25 17 54 36 i,oN 127,0E 200 7.9
Jul 9 19 54 590 14,0 N 123,0 < 8 7.0
20 13 38 34 Tl N 125.6 E 8 Tl
Aug 17 17 27 54 52,0 4 157,0 E 120 Te25
Sep 2 16 01 30 52,0 N 173,0 E 8 7475
Oct 11 14 28 17,053 161,0 E 8 Te3
16 14 57 27T.4 R 12,3 W 8 T7
21 04 23 36 38,0 N 69,0 E 8 8.1
Nov 21 20 03 35 5.9 N 95.3 B 8 Te4
Dec 15 17 35 3.1 8 k25 E 8 Te4
30 05 25 59 12.1 N 36.3 W 8 Te2
1908 Jan 11 03 35 23,0 N 121,CE B8 Te2
15 12 56 36,0 N 142,0 E 8 Te3
F2p 9 18 13 26,0 N 100,0 E 8 Te3
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D e

Year Date S¥T Iat Long Depth Magnitude
h n 8 deg deg m

i ISR

1908 Mar 5 02 16 9,0 N 26,0 E 8 Te5

26 23 03 30 1840 N 99,0 ¥ 80 8.1

27 0> 45.5 7,08 101,00 W 8 Te5

Mey 5 N6 16 3,0 N 123,0 E 8 Te5
Aug 17 10 32 60,0 5 40,0 W ® Ted
20 09 53 32,0 % 89.C E 8 7.0

Oct 23 20 14 06 36.5 N 70,5 B 220 740
24 21 16 36 36.5 N 70.5 B 220 T.0

Nov 2 05 16 2,0 8 97.C E 8 Te3
6 07 12 30,0 N 160,0 E 8 Te6

Dec 12 12 08 14,0 S 78.0 W ] Be2
1909 Jan 23 02 48 33,0 N 50,0 B 8 TeT
Fed 22 09 21 42 18,0 8 1i79,0 W 550 Te9
26 16 42 50N 5.0 W . 8 Tasl

¥ar 12 23 14 32,0 X% 140fO E o Tel
13 14 29 00 315 N 142,5 E 80 93

17 22 53 2,08 121.0 B 8 Tel

Apr 10 05 2% 9,0 S 180,0 8 Te3
10 18 43 80,0 N 140,0 E 8 7.0

10 19 36 45,0 N 165,0 E 8 748

14 19 53 42 24,0 N 123,0E 80 Te3

25 22 36 00 4e0 X 127,0 B 100 740

2?7 12 44 0,0 147,20 FE 8 Te3

29 22 34 27.. 5 63.CE (&) 7.0

May 17 08 02 54 20,0 § 64.0 ¥ 250 T.1

30 21l 01 18 8,98 131.0E 100 Tol




. S

Year Datc oMI lat Long Depth  Magnitude
h m =& deg deg xm

1908 Jdun 3 18 44 2,08 102,0 E 8 T
8 0c 486 5.0 S 730 W 6 Te6

Jul 7 21 37 5¢C 36,5 N 70,5 E 230 8.1

7 21 39 05 36,5 N 70.% E 8 8.0

30 10 51 54 17,0 N 100.,5 ¥ 8 TeT5

31 19 18 13,6 ¥ 101,00 W B Te3

Aug 16 06 58 10,0 X 84,0 ¥ 8 T.1
18 00 39 30 22,0 8§ 172,0 E 100 Te?5

Sep 8 16 49 48 52,5 ¥ 169.,0 ¥ 90 Te4

Oct 20 23 42 29.0 N 68,0 E 8 7.0

31 10 18 8,0 105,0 ¥ 8 Te4

Yov 10 06 13 20 32,08 131.0E 130 Te9

21 07 %6 75,0 N 122,0 E 8 Te3

Dec 9 5 33 8,08 161,0FE 8 Te2

9 23 23 10.0 8 165,0 B 8 Te7

1910 Jan 1 11 02 24,0 K 90,0 W 8 Te5
22 05 48 67.0 N 19.0 W 8 7.2

23 18 49 42 12,0 N 60.5 W 100 Te2

Peb 4 14 00 17,0 8 168,0 E ) Te3

12 18 10 06 32.5 § 138,0 E 350 Te4

18 05 09 18 36,0 N 24,5 E 150 7.0
Mor 30 16 55 48 21,08 170,C E 80 Te25

Apr 12 0 22 13 25,5 N 122,5 E 200 8.3

2C 22 22 00 20,08 177.0 W 330 Te0

May i 18 30 36 20,0 8 169.0 E 80 Tel

22 06 25 42,0 K 145,0 E 8 Te5

st
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Year Dats GNT lat Long Depth  Magnitude
h »n s deg deg km

1910 May 31 04 54 10,0 N 105,0 W 8 Te2
Jun 1 g5 55 30 20,0 S 169,0 E 80 Te5
1 06 48 18 20,0 8 169,0 E 80 Te25

16 06 30 42 19,0 85 169.,5 E 100 Be6
Aug 21 05 38 3¢ 17,0 S  179.0 W 600 7425

Sep 1 00 4% 21,0 N 122,0 E 5 731

1 14 20 24,0 N 122,20 F 8 Te3
7 07 11 i8 6,0 S 151,00 E 80 Te25

9 01l 11 45, 0N 170,0 W 8 Te3

24 03 23 2,0 3 102,0 W 8 Te3

Oct 4 23 00 06 22,0 8 65,0 W 120 Te25

Nov 9 06 02 0C 16,0 8 16,0 E 70 Te9

10 121954 14,05 166.5 E 50 702

14 o7 23 21,08  120,0 E 8 Ts0

15 14 18 62,0 S 16,0 W 8 T.4

26 04 39 8,0 S 167.0 E 9 8,0

Dec 13 11 34 9.0 S 33.0 E s 7.1

14 20 46 12 21,058 178.0 W 600 7.0

16 i4 45 5,0 N 125.,0 E 8 Ted

1911 Jan 1 10 17 43 58,0 N 670 E 8 Te2
3 23 25 45 43.5 N 775 E £ 8,7

Feb 18 18 41 03 40,0 N T3.0 E 9 T«T5

23 11 14 12 27,0 N 128,C E 8 Tel

Apr 4 <5 47 54 3645 N 25,5 E 140 7.0

10 18 42 24 9,0 N T4.0 W 100 Ts2

28 09 52 54 0.0 T1.,0 W 6J0 Tel




ﬁ

Yeur Date GMT lat Long Depth Magnitude
h m s deg deg km
1911 May 4 22 36 54 51.0 N 157,0 E 240 Te6
Jun T 11 02 42 17.5 N 102,5 W 8 7.9
15 14 26 00 29,0 N 129,0E 160 8.7
Jul 4 13 33 26 36,0 N T70.5 E 190 Te6
5 18 40 06 7,5 S 117.5 E 370 760
12 04 07 36 9,0 N 126.,C E 8 T.75
Aug 16 22 41 18 7.0RK 137.C E 8 8,1
21 16 28 55 21,0 S 176,00 W 300 T.3
Sep 6 00 54 18 46,0 N 143,00 E 350 Te3
Oct 20 17 44 00 12,5 5 166,0 E 160 Tel
Nov 22 23 05 24 15,0 & 169,0 E 200 Te25
1yiz dJdan 31 20 11 48 61,0 N 147.5 W 80 Te25
Mar 25 04 49 30 18,0 S 169,0 E 240 7.0
May 6 18 59 43 63.5 N 23,0 W 8 T¢5
23 02 24 06 21,C N 97.0 E 8 7.9
Jul 7 07 57 *3 63,3 N 1574 W (s) 7.1
Aug 6 21 11 14,0 S 167.0 E 260 7.2
9 01 29 00 40.5 N 27,0 F 8 TsT5
Sep 1 04 10 00 4,5 S 155,0 E 430 7.0
29 20 5% b6 N 38,6 E 8 Ta6
Oct 18 11 48 54,6 N 179.2 E 8 T.1
26 09 00 36 14,0 N 146.,0 E 130 7.0
33 17 22 11,28 28,8 E 8 Te4
Nov 7 07 40 24 57.5 N 155.,0 W 90 1.5
19 ' 13 55 00 19,0 N 100,0 W 80 T40
Dec & 12 27 36 57.5 N 154.0 W 90 7.0

[t "."'55




Year Date GMT Iat Long Depth  Magnitude
h mn 8 deg deg m
1912 Dec 7 22 46 50 29,0 8 62,5 W 620 745
g 08 32 25 19,0 N 85,0 W 8 Te3
1913 Jan 11 13 17 02 3,0N 122,0 E 8 Te3
19 17 05 15 l1.0K 88,0 E 8 Te4
19 23 47 55 46,0 N 152,0 E 150 7.0
Feb 20 08 58 48 41,0 N 144,00 E 8 7.1
Mar 6 11 03 42 30,0 N 83,0 E 8 7.3
14 08 45 00 4,5 N 126,5 E 8 8.3
23 20 47 18 24,0 § 142,0 E 80 7.0
31 03 40 48 k9,5 N 178,0 W 5 7.3
Ap. 75 17 56 08 9.5 X 1288 E ] TeT
May 8 18 35 24 17,0 S  174.5 W 200 7.0
18 02 08 53 14,5 N 145.5 E 8 T.1
30 11 46 46 5.0 S 154,0 E 8 Te5
Jup 22 13 49 52 48,0 N 178,0 W 8 Te2
26 04 57 0 22,5 § 173.5 W 8 8e2
Aug 1 17 10 57 V7.5 N 155.5 E 8 TeT
6 22 14 24 17.0 8 74,0 W 8 749
13 Cs 25 42 55 S 105,0 E 75 Te2
Oct 14 08 08 48 19,5 S 169,0 E 230 8,1
Nov 10 21 12 30 1840 S 169,00 E 80 745
15 05 27 06 23,08 171,0 E 150 7.0
Dec 21 15 37 48 24,5 N 102,0 E Te2
1914 Jan 20 12 00 13 52,9 N 159.6 E 8 742
30 03 35 50 34,1 S 66,0 W 8 8,2
Feb 6 il 42 18 29,5 N 65,0 B 100 740




Lo

Yeer Mate GMYT lat Long Depth  Magnitude
h m s ceg deg km

1914 Peb 26 04 58 12 18,0 S 67,0 W 130 Te2
Mar 14 20 0O 06 39.2 R 139.8 E 8 Tec

30 00 41 18 17,0 N 92,0 W 150 Te5

May 26 14 22 42 2,08 137,0 N 8 T.9

28 03 23 54 9,0 N T8,0 W 70 162

jun 25 19 06 44 4,58 99.0 E 8 8,1

Jul 4 23 38 54 5.5 S 129?0 E 200 70

Aug 4 22 41 15 Lo.5 N 90.5 E 8 Te3

6 04 10 42 6,0 S 23,0 E €00 Te0

Oct 3 17 22 12 16,0 N 61,0 8 100 T.4

3 22 06 34 37.5 N 32.5 E 8 TeT

11 16 17 06 12,0 N 94,0 E 80 Te2

23 06 18 34 6,0 N 132.5E ] 7«9

Nov 22 08 14 18 39.0 5 176,0 E 100 7.0

24 11 53 30 22,0 N 143,0 E 110 867

1915 Jan 5 14 33 15 15,0 S 168,0 E 200 Te25
5 23 26 42 25,0 N 123,0 E 160 Te25

13 06 52 38 42,0 N 13.5 E 8 Te5

Feb 25 20 36 12 20,0 S 180,0 60C Te25

28 18 59 05 23,6 N 123.5 E 8 TeT

Mar 8 15 29 43 39,0 N 142,0 E 8 7.0

17 18 45 00 42,0 N 142,00 E 100 Te25

Apr 23 15 29 18 8.0 S 68,0 W 650 T.25

May 1 05 00 00 47,0 N 155,C = 8 8.1

Jun 6 21 29 37 18,5 S 68,5 W 160 746
Jul 31 01 31 24 54,0 N 162,0 E ] T:.75
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Year Date GMT Iat Long Depth  Magnitude
h m 8 deg deg km
1915 Sep 7 01 20 48 14,0 N 89,0 W 80 79
Oct 3 06 52 48 40,5 N 117.5 W 8 TeT5
38 15 36 03 33.5 N 128,0 E 170 7.0
Nov 1 07 23 43 38,0 N 144,0 E 8 7.8
21 00 13 32 32,0 N 119,0 W 8 7.0
Dec 3 02 39 19 29,5 N 9l1.5 E 8 Tel
1916 Jan 1 13 20 36 4,05 154.,0E 8 7.9
13 06 18 16 .08 137.0 E 8 8.1
13 08 20 48 3,0 S 135.,5 E 8 8.1
24 06 55 07 41,0 N 3740 E 8 Te8
Feb 1 07 36 22 29.5 N 131.5 B 8 8,0
6 21 51 19 18,5 ¥ 178.5 E 8 ToT
27 20 20 36 10,5 N 91.0 W 8 7.6
Mar 25 23 52 17 24,0 N 124,00 E 8 T4
Apr 18 04 01 48 53,3 N 170,0 W 170 Te5
21 11 31 45 34.0 N 139.,5 E 8 7.8
24 04 26 42 18,5 N 68,0 W 80 T.2
24 08 02 08 10,0 N 82,0 W 8 7.6
Jun 2 13 59 24 17.5 N 95.0 W 150 7.1
21 21 32 30 28,5 S 63,0 W 600 Te5
Jul 8 09 34 30 16,0 5 180,0 600 Te0
27 11 52 42 4,0 N 96f5 E 100 7.0
Aug 3 01 30 02 4,08 144,55 E 8 Te5
25 09 44 42 21,0 S 68,0 W 180 Te5
28 06 39 29 30,0 N 81,0 E 8 T.7
Sep 11 06 30 36 9,0 S 113,0 B 100 Te25




Year Date oMT lat Long Depth Magnitude
h n & deg deg m
1916 Sep 15 07 01 18 34,5 N 141,0 E 100 Te25
Ovt 31 15 30 33 46,5 N 160,0 E 8 TeT
1917 Jan 30 02 45 36 56,5 N 163,0 E s 8.1
Feb 20 19 29 32 19,0 N 80,0 W 8 Tel
Mar 15 00 14 06 38,5 N 144,5 E ) T.l
Apr 21 00 49 49 37,0 70,5 E 220 740
May 1 18 26 30 29,0 5 177.0 W 60 8.6
31 08 47 20 54,5 N 160,0 W (d T«8
Jun 26 05 49 42 15.5S 173.0 W 8 8.7
Jul 4 CO 38 20 25,0 N 125,0 E 8 TeT
4 05 36 30 25,0 N 123,0 E 8 7.2
29 14 32 15 41,0 N 144,0 E s 7.0
30 23 54 05 29,0 N  104,0 E 8 745
31 03 23 10 42,58 131.0 E 460 745
Aug 30 04 07 15 7.58 128,0 E 100 T¢T5
31 11 36 18 50 N  T75.0 W s Te2
Nov 4 12 03 30 48N 96,8 E s Tel
16 03 19 25 29,0 S 178,0 W s 7.8
Dec 29 22 50 23 15,0 ¥ 97.0 W s TeT
1918 Jan 39 21 18 33 45.5 8§ 135.0 E 330 7.7
Peb 17 05 20 30 6,58 126,5 B 120 745
13 06 07 13 24,0 ¥ 117,0 E s 7.3
Apr 10 02 03 54 43,5 8 130,5 E 570 Te2
May 20 14 36 00 TH N 36,0W s Ted
20 17 55 10 28,58 TS5 W 80 7,9
22 06 31 27 17.08 1775 W 380 7.0




L3
Year Date GMT lat Long Depth  Magnitude
h o s deg deg km

1918 May 25 19 29 20 30,5 S 92,5 W 60 7.0
Jul 3 06 52 05 3.5 8 142,5 E 8 745
8 10 22 07 24,5 N 91,0 E 8 7.6
Aug 15 12 18 12 5.5 N 125,0 E o 863
15 17 30 11‘ 5.5 N 126,0 E 8 7.0
Sep 17 17 16 13 45,58 151,55 E 8 8e¢3
Oot 11 14 14 30 18,5 N €7.5 W 8 Te5
14 12 00 20 19,08 174.0 W 130 7.0
27 17 06 40 2,08 148,0 E 50 Te4
Nov 8 04 38 00 44,5 N 151,5 E 8 7.9
18 18 41 55 7.0 8 129,0 E 150 8.1

23 22 57 55 7.0 8 129,0 E 190 Te25

Dec 4 11 47 48 26,0 S 71.0 W 8 TeT5
6 08 41 05 43.8 8 126.5 W 8 7.0
1919 Jan 1 o1 33 42 8.0 126,0E 8 T4
1 02 59 57 19,5S 176.5 W 180 843
Mar 2 03 26 50 41,0 S T73.5 W 40 7.2
2 11 45 17 41,0 § T35 o 40 Te3
Apr 17 11 22 05 29.5 S 178.0 W 8 7.0
a7 20 53 03 14,5 N 91,8 W 8 7.0
30 07 17 05 19.0 S 172,5 W ) 8.4
Mey 3 00 52 00 40,5 N 145.5 E 8 Te6
6 19 41 12 5,0 8 154,0 E 8 8.1
Jun 1 06 51 20 26,5 N 125,0 E 200 7.0
Aug 18 16 55 25 20,5 S 178,55 W 300 Te2
29 05 43 54 2,58 127.0E 8 7.0




o
Year Date GMT lat Long Depth  Magnitude
h mn s deg deg im
1919 Aug 31 17 20 46 16,0 8 169,00 E 180 T.25
Nov 20 14 11 43 13,0 S 167.0 E 210 760
Dec 20 20 37 27 22,0 N 122,0 E 8 7.0
1920 Meb 2 11 22 18 4,0 8 152.,5 E 8 Te7
22 17 35 50 47.5 N 146,0 E 340 7.0
Mar 20 18 31 25 35,0 8 110.0 W [ Te0
Jun 5 04 23 28 23,5 N 122,0 E 8 8,3
Sep 20 14 39 00 20,0 S 168,0 B e 8,3
Dct 18 08 11 35 45,0 X 15C.,5 E 50 Te2
Dec 1C 04 25 40 39,0 S 73.0 W 8 Ted
16 12 05 43 36.0 N 105,0 E 8 8.6
1921 Fedb 4 08 22 44 5,0 N 91,0 W 120 Te5
27 18 27 34 18,5 S 173.C W - Te2
Mar 28 07 49 22 12,5 N 87.5 W 8 Te3
Jul & 14 18 20 25,5 N 141.5 E 200 T.2
Sep 11 04 01 38 11,65 111,0E 8 ‘145
13 02 35 54 55.0 S 29,0 W s Tec
Oc” 15 04 58 12 13,5 S 166,0 E 40 7.0
20 06 03 24 18,5 S 68.0 W 120 7.0
Fov 11 18 36 08 8,0 N 127,0 E 8 Te5
15 2D 36 38 36.5 N 70,5 E 215 8.1
Dec 18 15 29 35 2,5 § T1.C W 650 7.9
1922 Jan v 14 11 02 16,5 S 73,0 W 8 7.2
9 05 09 34 24,0 N 46,0 W 8 Tel
17 03 50 33 2,5 § 71.0 W 650 Teb
31 13 17 22 41,0 N 125.5 W 8 Te3
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Year Date GMT lat Long Depth Magnitude
h m s deg deg an

1922 Maxr 4 13 07 38 52,5 N 157.0 E 220 7.0
28 03 57 54 21,0 S 68,0 W 90 Y-
Sep 1 19 16 06 24,5 N 122,00 E 8 T.6
4 15 31 39 24.5 N 121,5 E s Te2
Oct 11 14 49 50 16,0 S 725 W 50 Ted
24 21 21 06 47,0 N 151.,5 E 80 T.4
Nov 17 23 00 09 28.0 S 72,0 W 8 Te0
ii 04 32 36 28.5 § 70.0 W s 8.4
s¢ 6 13 55 36 36.5 N 70.5 E 230 7.5
3. 07 19 59 45,5 N 151.2 E 8 7.0
1923 Jan 22 09 04 18 40,5 N 124,5 W 8 T.2
Feb 1 19 24 58 21,0 S 169.,5 E 50 Te2
2 05 07 38 53,5 N 162,0 E 8 7.2
3 16 01 41 54,0 N 161,0 E 8 8,4
24 07 34 36 56.0 N 162,5 E 8 T.4
Mar 2 16 48 52 6.5 N 124,0 E 8 Te2
16 22 01 %8 6.0 N 127,0 E s 7.0
24 12 40 06 315 N 101,00 E 8 T3
Apr 13 15 31 02 56.5 N 162,5 E 8 T.2
19 03 09 08 2,5 N 117.5 E 8 7.0
Moy 4 16 26 39 55.5 N 156,5 W 8 Tl
4 22 26 45 28,8 5 71,8 W 60 Ted
Jin 1 17 24 42 358 N 141.8 & e 7.2
22 06 44 33 22,8 N 98.8 E 8 Te3
Jul 13 11 12 34 31,0 N 130.,5 E 8 Te2
Sep 1 02 58 36 35,5 % 139,5 E 5 8.3




b6
Year Date GMT lat Long Depth  Magnitude
h o =8 deg deg km
1923 Sep 2 02 46 40 35.0 N 139.5 E 5 TeT
2 22 38 12 16,0 S 68.5 W 150 7.0
9 22 03 43 5.3 N 91,0 E 8 T.1
Oct 03 29 34 1,85 128.8 E 8 T45
Nov 2 21 08 0§ 4,58 151,5 E 50 T.2
4 00 04 30 5.0 8 152,0 E 8 T.2
5 21 27 53 29,3 N 130,0 E 8 Te2
1924 Jan 16 21 38 00 21,05 176,00 W 350 7.0
21 01 52 54 55,0 N 156.5 B 340 T.0
Mar 4 10 07 42 9,8 N 84,0 W B 7.0
15 10 31 22 49,0 R  142,5 E 8 T.0
Apr 14 16 20 23 6.5 N 126.5 E 8 8.3
May 4 16 51 43 21,0 S 176.0 W 560 Te3
28 09 51 &9 48,0 N 146.,0 E 500 7.0
Jun 26 01 37 34 56,0 S 157.5 E 8 843
30 15 44 25 45,0 N 147.,5 E 120 T¢3
Jul 3 04 40 06 36,0 N 84,0 E 8 Te2
il 19 44 40 36.5 N 84,0 E 8 Te2
24 04 55 17 49,5 S 159.0 E 50 Te5
Aug 14 18 02 37 36,08 142,0 E 8 7.0
30 03 04 57 B85 N 126.5 E 8 (o3
et 13 16 17 45 36,0 N 70.5 E 220 7.3
Lec 27 11 22 G5 45,0 8 146,0 E 150 Te3
28 22 54 56 43,3 N 147,00 E 8 7.0
1925 Jan 18 12 05 54 47.5 N 153,5 E 8 Te3
Mar 1 02 19 18 48.3 N T0.8 W 8 T.0




i

Year Date GMT Iat Long Tepth  Magnitude
h m 8 deg deg ke
1925 Mar 16 14 42 12 25,5 N  10C.3 E 8 Tal
22 08 41 55 18,5 & 168,5 E 50 (s
29 21 12 37 8.0 N 78,0 W 60 Tl
Apr 11 10 42 02 32,0 8 59.0 E 8 1,0
16 19 52 35 22,0 N 121.0 E 8 Teld
May 3 17 21 45 15K 127.0 E 8 Tel
3 22 59 04 34,0 S 58,0 E 8 T#0
15 11 56 57 26,0 O T1.5 W 50 7.1
euann 3 04 33 55 1.5 8 126,5 E 9 Tel
9 13 40 41 3,0 S 140,0 E 8 7.0
Aug 19 12 07 27 553 N 168.,0 E 8 Te2
Oct 13 17 40 34 11,0 N 42,0 W 8 75
Nov 10 13 50 36 1,05 129.5 E e T4
13 i2 14 45 13,0 N 125.0 E ] T2
16 11 54 54 18,0 N 1C7.0 W 8 7.0
1926 Jan 25 00 36 18 9,0 S 158,0 E 8 Ted
Feb 8 15 17 49 13,0 N 89,0 W 8 Tel
Mar 21 14 19 12 61,0 S 25,0 W 8 Tot
27 10 48 30 9.0 S 157.0 E & Te2
Apr 12 08 32 28 10,0 S 161.0 E B 7.5
28 11 13 50 24,0 S 69,0 W 180 7.0
Jun 3 04 46 56 15,0 S 168.,5 E 60 Tel
26 19 46 34 36,5 N 27.5 E 100 8,3
29 14 27 06 27.0 8§ 127.0 B i30 7e5
Jul 10 10 51 10 1.0 8 126.0E 40 T.0
Aug 25 05 44 40 23,08 172,0 E 50 7.0




L8
Year Date GMT Iat Long Depth  Magnitude
h mn » deg deg km
1926 Aug 30 11 38 12 36.8 N 23.3 E 100 7.0
Sep 2 01 21 52 33.5 8 53.0 B 8 7.0
10 10 34 29 9,0 8 111.0 B 80 7.0
16 17 59 12 11.5 S 160.0 E 50 Tel
Oct 3 19 38 01 49.0 5 161.0 E 60 79
13 13 08 07 52,0 N 176,0 W 8 Tel
26 "3 4 41 345 € 138.,5 E 8 7.9
Rov 5 CT 55 38 12,3 X 85.8 W 135 7.0
1927 Jan 24 01 03 43 15,2 § 167.5 E 8 Tel
Feb 1% 0L 3% 20 47.0 N 153,5 E 8 7.0
¥ar 3 01 05 09 6,0 8 122.0E 8 7,0
T 09 27 36 35.8 8 134,8 E 8 79
Apr 1 19 06 29 20,08 177.5 W 400 Tel
14 06 2% 74 32,C § 69.5 W 110 T.1
¥ay 22 22 32 a2 36,8 N 102,0 E 8 8.3
Jur 3 07 12 11 7.¢5 131,0 E 150 Ted
Aus 5 21 12 55 37.5 8 142.5 E 8 T.1
15 11 %6 15 1.085 13i,0 E 8 Tel
20 23 54 25 5.0 N 82,5 W 8 7.0
Oct 24 15 59 55 57.5 N 137.C ¥ 8 Tel
Rev 4 13 50 4., 34,5 N  121.,5 W 8 Te3
16 21 16 09 6,5 N 126.,0 B 50 T»G
21 23 12 25 44,5 S 73.0 W 8 Tsl
Dec 28 18 20 23 55.0 N 161,0 E 8 Te3
1928 Jan 6 19 31 58 D5 N 36.5 E » 7,0




L9

Year Dete GMT Iat Long Depth Magnitude
h mn s deg deg £m
1928 Mar 9 18 05 27 2,5 5 88,5 E 8 8.1
13 18 31 52 5.5 8 153,0 E 100 T.0
16 G5 01 02 22,0 S 170,55 E 8 7.5
22 04 17 00 16,0 N 96,0 W 8 745
29 05 06 03 31T N 138,2 E 419 Tel
May 14 22 14 46 5.0 S 78,0 W 8 Te3
27 09 50 26 40,0 N 142,55 E 8 Te0
Jun 15 06 12 36 12,5 N 121.5 E 8 7.0
17 03 19 27 16.3 ¥ 98.0 W 8 T¢9
21 16 27 13 6C.0 ¥ 146.5 ¥ 8 T:0
29 22 49 38 15.0 S 170.5 E 8 Tel
sul 18 19 G5 00 5¢5 S 79,0 W 8 7.0
Aug 4 18 26 16 6.0K 97.0 W 8 T.4
24 21 43 30 5.0 8 168,0 E 220 T«0
Cct 9 0% 01 08 15,0 N 37.C W 8 Teb
Nov 20 20 35 07 22.5 8 70,5 W 8 7.1
Dec 1 04 06 10 35,0 8 72,0 ¥ 8 843
19 &1 37 10 TeG N 124,00 E 8 7.3
1329 Jan 13 00 0y 12 49,8 N 154.8 E 140 Te7
Feb 1 17 14 26 36.% N 70.% E 220 Tel
2 0CG 00 13 1.6 8 21.C W 8 To1
22 20 41 46 11,0 K A2.C W 8 Tel
¥ar 17 01 %4 39 51.0H 170,0 W 60 Beb
May 1 15 37 20 58,0 ¥ 58,0 B 8 7,1
26 22 29 %54 51,0 8 131,00 W € Te0
Jun 2 21 33 34 34.5 N 1373 E 360 Tel
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Year Date GMT lat Long Depth Magnitude
h m s deg deg km
1929 Jun 4 15 15 58 6,5 N 124,5 E 380 7.0
13 09 24 34 8.5 N 127.0 E 8 T.2
16 22 47 32 41,8 5 172,3 E 8 T.6
27 12 47 05 54.0 S 29.5 W 8 8.3
Jul 5 14 19 02 5.0 N 178,0 W 8 7.0
7 21 23 12 52,0 K 17,0 W 8 Te3
Oct 19 10 i2 52 23,0 S 69.0 W 100 Te5
Nov 15 18 50 33 7.5 ¥ 142.5 E & Te2
18 20 31 58 44.0 N "6.C W 8 Te2
Dec 17 10 58 30 52,5 N 171.5 & 8 7.6
1930 Mar 26 07 12 05 7.5 8§ 125,5 E 40 Te2
May 5 13 45 57 17,0 N 96.5 E 8 Te3
6 22 34 23 38,0 N 44,5 E 8 Te2
Jun 11 00 49 35 5.5 S 150.0 E 8 7.1
Jul 2 21 03 42 25,5 N 90,0 E 8 Tel
22 19 25 53 44,8 N 147.5 E 140 Tel
Aug 18 09 53 41 55,0 S 27,0 W 50 Tel
Oct 24 20 15 11 18,5 N 147,v E 8 Tel
Nov 25 19 02 47 35,0 N 139,C E 8 Te1
Dec 3 18 51 44 18.0 N 96,5 E 8 Toh
1921 Jan 15 01 50 41 16,0 X 96.8 W 8 7.9
27 20 09 13 25,6 N 56,8 B 8 7.6
28 21 24 03 110N 144,88 E o Te2
Fab 2 22 46 42 39.5 & 177.0 E 8 7.9
10 06 34 25 5.5 5 102.5 B a Tl
13 01 27 16 39,5 5 177.G E 8 Tad
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Year Date GMT La® Long Depth  Magnitude
h m s deg deg km
1931 Peb 20 05 33 24 44,3 N 135.,5 E 35¢ T4
Mar 2 02 18 34 22,08 172,.0 E 110 Tel
9 03 48 50 40,5 X 142,5 E 8 TeT
18 0B 02 23 32,5 S 72,0 W 8 Tel
18 20 13 34 5.8 N 126,3 E 50 7.0
26 12 38 37 7.0S 129,5 ® 8C Te3
May 20 02 22 49 37.5 N 16,0 W 8 Tel
Jul 21 03 36 22 21;0 5 J70,0 E 140 T.9
Aug 17 02 11 30 4,08 142,0 E & Tel
10 21 18 40 47.0 N 90.0 E 8 T.9
18 14 21 0O 47,0 N 90,0 = 8 T.2
24 21 35 22 30,7 R 67.8 E 8 7.0
27 15 27 17 29,8 N 67,3 E 8 T4
Sep 9 20 36 26 19,0 N 145.5 E 180 Tel
25 05 59 44 5.0 3 102,8 E 8 Ted
Oct 3 19 13 13 10,5 S 161.,8 E 8 8.1
3 21 55 1C 11,0 § 163,0 E (] 7.0
3 22 47 40 11,0 S5 161,5 E 8 Te3
10 00 19 53 10,0 S 161,0 E 8 ToT
Nov 2 10 02 59 32,0 N  131.5 E 8 Te5
1932 Jan 9 10 21 42 6.2 S 154,5 E 380 fe3
29 13 41 19 6.0 S 155.C E 8 T.0
May 14 13 11 00 0,5 N 126,0E 8 8.3
26 16 09 40 255 5 179.3 E 600 Te9
Jun 3 10 36 50 19,5 N 104.3 W 8 8,1
18 10 1Z 10 19,5 N  10%,5 W b 7.9




Year Date GMT Tat Long Depth Magnitude
h m 8 deg deg km
1932 Aug 14 04 39 32 26,0 N 95,5 E 120 7.0
Nov 13 94 47 00 43,86 X 137, 0 F 5 320 7.0
Dec 4 08 11 12 2,5 N 121,0E 8 Tel
21 06 10 05 38,8 N 116,0 W s 7.2
25 02 04 24 39,3 N 96,5 E 8 Te6
1833 Jan 1 08 48 39 14,8 S 168,0 E 140 T.0
21 19 21 10 33,0 S 575 E g 7.0
Feb 23 Cs 09 12 20,0 S 11.0 W 40 Teb
Mar 2 17 30 54 39,3 N 144.,5 E 8 8.9
Apr 27 02 36 04 61,3 N 150,6 W 8 7.0
Jun 18 21 37 29 78,5 N 143,0 E 8 T»3
24 21 54 46 5.5 S 104,8 B 8 Te5
Aug 25 o7 50 25 31,8 N 103,5 E 8 7.4
28 22 19 40 59.5 S 25,0 W 8 Te4
Sep 6 22 08 29 21,5 S 179.8 ¥ 600 Tel
Oct 25 23 26 16 23,0 S 6€.1 W 220 7.0
Nov 20 23 21 32 73,0 N 70.8 W B Te3
1934 Jan 15 08 43 18 26,5 N B6.5 E 8 8.4
Feb 14 03 59 34 17.5 ¥ 119,0 E 8 Te9
24 06 23 40 22.5 N 144,0 E 8 7.3
28 14 21 42 5.0 S 150,0 E 8 Te2
Y 21 45 25 40,0 S T2.5 W 120 Tel
5 12 46 15 40,5 S 175.5 E 8 Te5
24 12 04 26 10,0 S 161.,5 E 8 Tel
Apr 15 22 15 13 7.8 N 127,0 E 8 Te3
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Year Date GMT Lat Long Depth  Magnitude
h m =8 deg deg km
1934 May 1 07 04 56 345 N 97.5 E 145 7.0
4 04 36 07 6l.3 N 147,5 W 80 T.2
Jun 13 22 10 28 27.5 N 62,5 E 80 7,0
Jul 18 01 36 24 8,0 N 82,5 W 8 TeT
18 19 40 15 11,8 S 166,5 E 8 8,1
19 01 27 26 0,5 S 133,3 E 8 7,0
21 06 18 18 11,0 S 165.8 E 8 Te3
Oct 10 15 42 06 23.5 § 180,0 540 Te3
Nov 30 02 05 10 18,5 N 105.,5 W 8 T.0
Dec 15 01 57 37 31.3 N 89:3 E 8 Tol
31 18 45 45 32,0 N 114,88 W 8 7.0
1935 Jan 1 13 21 0o 17,5 S 174,5 W 300 Tel
Apr 19 15 23 22 31.5 N 15.3 E 8 Tel
20 22 01 54 24,3 ¥ 120,8 E 8 Tel
May 14 23 23 10 59,0 S 26,5 W 155 7.0
30 21 32 46 29.5 XN 66,8 E 8 Te5
Jun 24 23 23 14 15,8 S 167.8 E 140 Tel
Jul 29 07 38 53 20,8 8 178,0 W 510 Te2
hug 3 01 10 01 4,5 N 96.3 E 8 Te0
17 01 44 42 22,5 S 171.0 E 120 Te2
Sep 4 01 37 41 22,3 N 121.3 E 8 Te2
9 06 17 30 6,0 N 141.,0 E 8 T.0
11 14 04 02 43,0 R 146.5 E 60 Te6
20 01 46 33 3¢5 3 141.8 E 8 7.9
20 05 23 01 3.3 5  142,5 E 8 7.0
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Year Date GMT lat Long Depth  Magnitude
h m s deg deg km
1935 Oct 2 05 33 00 43.5 N 146,5 E 70 T.0
12 16 45 22 40.3 N 143.3 E 8 Tel
18 00 11 56 40,5 N 143,8 E 8 Te2
18 11 05 23 12,5 N 141.,5 E 50 Tel
Dec 14 22 05 17 14,8 N 92,5 W 8 Te3
15 07 07 48 9,8 S 161,0 E 8 Te€
17 19 17 35 22,5 N 125,5 E 8 Te2
28 02 35 22 0,0 98,3 E 8 8.1
1936 Jan 2 22 34 30 0.0 99.5 E 60 7.0
14 05 36 30 60,0 S 22,0 W 50 Te2
20 16 56 19 6,0 N 127.0 E 80 Te1
Feb 15 22 46 57 4,55 133,0 E 8 Te3
22 15 31 54 49,5 S 164,0E 8 Te2
Apr 1 02 C9 15 4,5 N 126,5 E 8 TeT
19 05 07 17 7.5 8§ 156,0 E 40 Te4
May 7 06 19 19 28,5 N 83,5 E 8 7.0
Jun 30 15 06 38 50,5 N 160.0 E 8 T4
Jul 5 18 5% 13 6.3 N 126,8 E 60 Te3
1* 11 12 15 24,5 S 70,0 W 60 Te3
Aug 22 06 51 35 22,3 N 120.8 E 8 7.2
23 21 12 13 5.0 N 95,0 E 40 T3
Sep 19 01 O1 47 3.8 N 97.5 E 8 Te2
Oct 5 09 44 24 15§ 126.,8 E 8 Tel
Nov 2 20 45 56 38,3 N 142,53 E 8 Te3
13 12 31 27 55,5 N 163.0 E 8 Te2
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Year Date GMT Iat Long Depth  Magnitude
h mn s deg deg km

1936 Dec 29 14 47 56 4,5S 153.5 E 100 Te0
1937 Jan 7 13 20 35 355 N 98,0 E 8 T.6
23 10 55 51 4,55 153,0 E 8 T.0
25 06 34 00 10,0 5 163,0 E 8 7ol
Feb 21 07 02 35 44,5 K 149,5 E 8 T.4
Apr 16 03 01 37 21,58 177.,0 W 400 8.1
Jul 2 02 37 15 14,35 167,00 E 80 7,0
19 19 35 24 1.5 8 T6.5 W 190 T.1
22 17 09 29 64,8 N 146,8 W 8 Te3
26 03 47 11 18,4 N 95.8 W 100 Te3
26 19 56 37 38,5 N 141,5 E 90 7.1
Aug 11 00 55 54 6.3 S 116.,5 E 610 Te2
20 11 59 16 14,5 N 121,5 E 8 Te5
Sep 1 08 38 59 52,0 S 180,0 120 7.0
3 18 48 12 52,5 N 177.5 W 80 Te3
8 00 40 ui 57.0 S 27,0 W 130 Te2
15 12 27 32 10,5 S 161,5 E 80 Te3
23 13 06 00 6.0 S 154,0 E 60 Ted
27 08 55 10 9,5 S 1il.0E 8 Te2
Nov 14 10 58 12 365 N 70,5 E 240 Te?2
Dec 8 o8 32 09 23,0 N 121?5 E 8 T.0
23 13 17 56 16,8 N 98¢5 W 8 Te5
1538 Jan 24 10 31 44 61,0 S 38,0 W 8 Tel
Feb 1 19 04 18 5¢3 S 130,5 W 8 846
5 02 23 34 4,5 N 7663 W 160 7.0




Year Date GMT int Long Dapth  Magnitude
h an s deg deg km
1938 May 12 15 38 57 6.0 S 147.C E 8 T.5
19 17 08 21 lJ.OS 120,0 F 8 7.9
23 07 23 28 36,5 N 141,0 E ;] Tod
23 08 27 53 18,0 N 119,5 E 80 7.0
30 14 22 50 2C5 S 169,55 & 70 7.0
Jun 9 19 15 11 3¢5 S 126,55 E 60 Tel
10 09 53 39 255 N 125,0 E 8 TaT
16 02 15 15 27.5 N 129,5 E e Te4
Aug 16 04 27 50 23,5 N 94,3 E 8 Te2
Sep 17 04 03 18 23,8 N 121.,5 E 8 740
Oct 10 20 48 05 2,3 N 126,8 E 8 Te3
20 02 19 27 9.0 5 123,0 B 0 Te3
Nov 5 08 43 21 36,8 N 141.,8 E 60 Te7
5 10 50 15 373 N 141l,8 E 60 TeT
6 085353  37,3N 142,3 E 60 Te6
6 21 38 47 36,5 N 142,0 E 60 Tel
10 20 18 343 5565 N 158,0 W (] 867
13 22 31 30 3T«0 N 142,5 E 50 7.0
17 03 54 34 55¢5 N 158,5 W 8 Te2
30 02 29 50 37¢3 N 141,0 E 50 740
Dec 6 23 00 53 22,8 N 120,8 E 8 740
16 17 21 25 45,0 8 1€T7.0 E 60 7.0
1939 Jan 25 03 32 14 36,3 S T2.3 W 60 843
30 02 18 27 6e5 S 155,5 E 8 T9
Bad 3 05 26 20 10,5 S 159,0 E 8 Tel
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Yesr Date GMT lat Long Dupth  Magnitude
h m 8 deg deg km
1939 Mar 21 01 11 09 1,5 5 89.,5 E 8 Te2
Apr 5 16 42 40 19,5 S 168,06 E 70 Tel
18 05 22 45 27,0 8 T0.5 W 169 T4
2l 04 29 04 47.5 N 139,8 E 520 T.0
30 02 55 30 1545 S 158,55 E 8 8,1
May 1 05 58 33 40,0 N 139,8 E 8 (e
8 01 46 50 37,0 X 24,5 W 8 Tel
Jun 2 03 33 15 560 N 127,0 E 60 740
8 20 46 53 15,5 S 1T4.,0 W 100 Te2
Jul 20 02 23 00 22,0 S 179,5 v 650 7.0
Avg 12 02 07 27 16,3 S 168,5 E 180 Te2
Oct 10 18 31 59 38,5 N 143,0 E 8 Ted
17 06 22 06 14,0 S 167,8 E 120 Te4
Dec 16 10 46 32 43,8 N 147.,8 E 75 7.1
21 20 54 48 10,0 N 85,0 L 8 Te3
2l 21 00 40 0,0 123,0 E 150 846
26 23 57 21 39.5 N 385 E 8 Te9
1940 Jan 6 14 03 24 22,0 8 171.,0 E 90 T2
17 01 15 00 17.0 N 148,0 E 80 Te3
Ped 7 17 16 02 31e5 N 175,0 E 70 740
20 02 18 20 13,5 S 167,0 E 200 Te0
Apr 16 06 07 43 52,0 N 173,5 E 8 Tel
16 06 43 07 52,0 N 173.5 E ] Te2
May 24 16 33 57 10,5 S T7.0 W 60 8.4
Jul 10 05 49 55 44,0 N 131,0E 580 Te3
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Year Date GMT Lat Long Depth  Magnitude
h mn 8 dog deg km

1940 Jul 14 05 52 53 518 N 177.,5 E 80 TeT5
Aug 1 15 08 21 44,5 N 139.0 8 ToT

22 0y 27 18 53,0 K 165.5 W 8 T.2

Sep 12 13 17 10 4,5 S 153.,0F 40 T40

19 18 19 48 24,0 ¢ 171,0 L 80 To2

Oct 4 07 54 42 22,0 S T1,0 W 75 Te3

7 06 43 C4 50 N 126,0 F 100 T.0

11 18 41 13 41,5 S T4e5 W 8 7.0

Nov 10 01 39 09 45,8 N 26,5 E 150 Te4

19 15 01 40 39,0 N 141,8 E 50 7.1

Deo 22 18 59 46 15,5 S 68,5 W 230 7.1

28 16 37 44 18,0 N 147.5 E 80 Te3

1941 Jan 5 18 47 05 2,0 N 122,0E 50 740
13 16 27 38 4,5 S 152,5 B 8 7.0

Apr 3 15 21 39 22,5 8 66,0 W 260 Te2

7 23 29 17 17.8 N 7865 W ) Tel

15 19 09 56 18,0 N 103,00 W 5 TeT

May 17 02 24 50 10,0 S 166,3 E 8 Tod

Jun 26 11 52 03 12,5 N 92,5 E 60 8,7

Aug 2 11 41 26 28,5 S 178,0 W 8 T.1

Sep ¢4 10 21 44 4,8 S 154.0 E 90 7.1

12 07 02 04 0,58 132,5 E 8 7.0

16 21 39 05 28,8 S 1775 W 8 7.0

17 06 47 57 0,5 S 1215 E 130 Tel

18 13 14 03 13,8 S T2:,% W 100 7.0
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Year Date GMT Lat Long Depth  Magnitude
h mn s deg deg km
1941 Sep 24 01 01 24 510 N 158,00 FE 15 Te0
Nov 8 23 37 22 0,5 N 122,0 E e Te3
15 04 19 54 59,0 S 27,5 W 80 7,0
i8 10 14 36 61,0 S 58,0 W 8 7,0
18 16 46 22 32,0 N 132,C E 8 TG
24 21 46 23 28,05 177,55 W 80 Te3
25 18 03 55 37«5 K 18.5 W 8 8.4
Dec 5 20 46 S8 8s5 N 83,0 W 8 Te5
15 19 19 39 21,5 N 120f5 E 8 Tel
26 14 42 04 21.5 N 99,0 E 8 7.0
1942 Jan 27 13 29 08 465 S 135,0 E 8 Tel
29 09 23 44 19,0 S 169.0 E 130 7.1
Feb 21 07 07 43 38,0 N 14?,0 E 60 Tel
Apr 8 15 40 24 13,5 N 121,0 FE 8 Te9
May 14 02 13 18 0.8 S 81,5 W ) 843
28 01 01 48 0.0 124.0 E 120 Te5
Jun 14 03 09 45 15,0 N 145,0 E 80 7.0
18 09 30 57 9,0 N 140,5 E 8 Tel
24 11 16 29 41,0 S 175.5 E 8 Tel
Jul 8 06 55 45 24,0 S 70,0 W 140 7.0
29 22 49 15 2,0 S 128,5 E 8 Te0
Aug 1 12 34 03 41,0 S 175.,8 E 50 Tel
1 14 30 05 48,0 S 99,0 E 8 T¢0
6 23 36 59 14,0 N 91,0 W 60 83
23 06 35 21 53,0 N 162,5 E 60 7.0
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Year Dste GMT at J.ong Depth  Magnitude
h = o deg deg km
1942 Aug 24 22 50 27 15.0 8 76,0 ¥ 60 B.0
Sep 9 01 25 26 53,0 N 164,55 W 80 T.0
14 11 31 ;1 22,0 8 171,55 E 130 T«C
Oct 20 23 21 44 865 N 122,5 E 8 Te3
26 21 09 13 45,5 N 151,5 E 60 Te2
Ncv 10 11 41 27 49,5 S 32,0 W 8 863
15 17 12 00 37.0 N 141.5 E 8 T.0
26 14 27 28 45,5 N 150,0 E 11¢ Ted
28 10 38 45 Te5 N 25,0 W 8 Te1
Dec 19 23 10 40 31,5 N 142,55 E 8 T.0
20 14 03 08 40,5 N 36.5 E 8 Te3
1943 Febdb 16 07 28 35 15.0 8 72,0 W 120 T.0
22 09 20 45 17,8 N 101.5 W 8 Te5
28 12 54 33 3645 N 70.5 E 2190 T.0
Mar 9 09 48 55 60,0 S 27.0 W 8 Te3
14 17 11 00 22,0 S 169.5 E 8 T.1
14 18 37 56 20,0 S 69.5 W 150 T.2
21 20 )5 43 58 S 152,353 E 8 T.3
25 18 27 15 60,0 S 27.0 W 8 Te3
Apr 1 14 18 08 6,5 5 105.5 E 8 7.0
6 16 07 15 30.8 S T2,0 W 60 863
9 08 48 59 19,0 F 146,0 E 170 T.0
May 2 17 18 09 6.5 N 80,0 W 8 T.1
3 01 59 12 12,5 8§ 125,55 W 8 Teb
25 23 07 36 Te5 N 128,0 E 8 8.1
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Year Date GMT lat Long Depth  Magnitude
k m 8 deg deg
1943 Jun 8 20 42 46 1.2 S 101,0E 50 Ted
9 03 06 22 1,05 101,0E 50 76
13 0% il 49 42,8 N 143,3 E 60 Te4
Jul 11 C2 10 25 32,5 S 178,5 W 180 7.0
23 14 53 09 9.5 8 110,0 E 90 8.1
29 03 02 16 19,3 N 67.5 W 8 Te5
Aug 1 16 18 41 20,0 S 170,0 E 230 T40
Sep 6 03 41 30 530 S 159,0 E B 7.9
10 08 36 53 35,3 N 134,0 E B Te4
14 02 01 12 22,08 171.0E 50 Ta5
14 03 47 15 22,0 S 170,0 E 50 Te3
14 07 18 08 300 S 177.0 W 60 7.6
27 22 03 44 30.0 S 178,0 W 90 T.1
Oct 21 23 08 13 15,0 S 177.5 W B 7.0
23 17 23 16 26,0 N 93,0 E B Te2
24 16 04 356 22,0 S 174,00 W 8 7.0
Nov 2 18 08 22 570 S 26,0 W 8 Te2
3 14 32 17 61,8 N 151,0 W 8 Te3
6 08 31 37 6,0 S 134.5 E 8 76
13 18 4% 57 15,0 S 170,0 E ] 7.2
17 14 57 17 33,5 N 138.0 E 300 7.0
26 21 25 22 2.5 8 100,0 E 136 Tel
26 22 20 36 41,0 N 34,0 E 8 7,6
Dec 1 06 04 55 4,8 S 144,00 E 120 Te2
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Year Date GMT Lat Long Depth Magnitude
h n 8 deg deg ka
1943 Dec 1 10 34 46 1958 69,87 80 7.0
23 19 00 10 5,58 153.5 E 50 Te3
194k Jan 5 21 12 43 3.58 102.0 E 60 7.0
7 02 49 20 h58 1435 E 120 T.d
15 23 49 30 31.38 68.8W 50 Tk
Feb 1 03 22 36 LIS E 32,5E s T4
«9 03 b1 53 14,58 70,5 W 200 7.0
29 16 28 o7 0,5K 76,0 E ) T.2
Mar 9 22 12 58 4.8 8L,0E ) 7.2
22 00 43 18 .58 123.5E 220 Te5
31 02 51 43 7.0 8 130.5E 66 7.0
Apr 26 01 5k 15 1.08 13 0E 50 7.2
27 14 38 09 0.58 133.5E 50 Tk
May 19 00 19 19 2,55 1528 E 50 T.2
25 01 06 37 21,55 179.5 W 640 7.2
25 12 58 05 2,58 152.8 B e 7.5
Jun 21 10 58 20 22,0 8 169.0 E 50 T.2
28 07 58 sk 15,0 N 92,5 W s 7.0
Jul 27 00 Ok 23 Sk,ON 165.5W 70 7.1
Sep 3 19 11 29 57.08 122.0 W 8 7.0
11 09 U5 22 1.5 8 127.0 E ko 7.2
23 12 13 20 54,0 B 160.0 E Lo Tk
27 16 25 02 39.08 T3.5E Lo 7.0
Oct 2 20 29 51 k2,5 8 1k2,5 E 75 7.0
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Year Date CMT Lat Long Depth Magnitude
hm 8 deg deg kn
1944 Oct 5 17 28 27 22,58 172.0 E 120 T.5
Nov 15 20 47 01 LS N 127.5E s 7.2
16 12 10 58 12,55 167.0 E 8 Te3
24 ok k9 03 19.0 8 169.0 E 170 Te5
29 18 51 21 19.0 8 1i69.0 E 170 7.0
Dec 7 ok 35 k2 33.8 8 135.0 E s 8.3
10 i6 2k 58 18.0 5 168.0 E 50 T3
12 ok 17 10 51.5 § 179.5 E 8 7.0
27 15 25 49 6.55 152.0 E 90 7.0
1945 Jan 12 18 38 26 4.8 N8 136.8E 8 Tel
Feb 1 10 35 51 22.0 8 170,0 E 60 7.0
1 12 13 ko 22,0 S 1700 E 60 T.25
10 ok 57 56 b1.3 N 142,5E 50 Te3
18 10 08 07 42,0 N 143.0 E 50 7.0
26 22 14 27 26,0 N 143.,5E 50 7.1
Mar 11 21 37 50 37.0 N 142.0 E 50 T.2
23 23 14 13 62.0 8 153.0 E 8 7.1
Apr 15 02 35 22 57.0 N 164.0 E s 7.0
19 13 03 58 21.0 S 169.5 E Lo 7.0
Jun 22 09 18 Lo LL,ON 1460 E 120 7.0
27 13 08 20 27.0 8  111.0 W 8 7.0
Jul 15 05 35 13 17.5 N 146,5 E 120 7.1
Aug 29 10 22 Lo i5.0 8 168.0 E 50 7.2
Sep 1 22 U4 10 46.5 8 165.5 E 8 Te2
5 21 48 U5 5.0 S 153.5 E 50 T.1
9 ok 03 Sk 17.0 S 167.0 E 60 7.0




(3"
Year Date GMT Lat Long Dep’aa Magniiude
h m 8 deg deg km

1945 Sep 13 1171 33.38 T0.5 W 100 Tel
22 09 10 05 L,0S 14T.0 E 50 7.0
Oct 9 14 36 33 k3,5 1L7.5 E 80 7.0
16 16 62 58 .38 125.0 . 50 T.1
Nov 26 05 13 10 21,0 8 180.0 600 7.0
27 21 56 50 2,58 63.0E s 6.3
Dez 8 01 ok 02 6.5S 151,0 E 8 Tel
27 o4 k1 05 6,0S 151,0 E ko 7.0
28 17 48 U5 6.08 150.0 E 8 7.8
1946 Jan 5 19 57 20 16,0 8 167.0 E 50 T.3
11 01 33 29 L,0 N 129,5E 580 T.2
12 20 25 37 59.3 N 147.3 W 50 T.2
17 09 39 35 7.58 147.,5 E 100 T.2
20 16 54 21 17.5 S8 167.5 E 8 7.0
Apr 1 12 28 5b 52.8 N 163.5 W 8 Tk
11 01 52 20 1,08 1b,S5W s 7.2
May 3 22 23 43 6,08 1540 E 8 T4
8 05 20 22 0.0 99.5 E s T.1
2 09 16 k2 k5N 60.,5W 50 7.0
Jun 7 ok 13 20 165N 940 W 100 T.l
23 17 13 22 k.8 8 1245 W s 7.3
Jul 9 13 13 50 19.0 8 169.0 E 170 7.0
n ob 4F 42 17.0 8 945 W 130 T.1
Aug 2 19 18 48 26,58 T0.5W 60 T.9
4 17 51 05 19.38 69.0W 8 8.1




Yeer Date GMT Lat Long Depth Magnitude
h m s deg deg km

1946 Aug 8 13 28 28 19.5 B 69.5 W 8 T.9
21 18 00 18 k.08 1770 W 100 7.0

28 22 28 15 26.08 63.0W 580 T2

Sep 12 15 17 15 23,58 96.0 E 8 7.5

12 15 20 20 23,58 96.0E s T.75

23 23 30 00 6.08 145.0E 100 T.2

26 10 53 15 25.0 8 179.0 E 600 7.0

29 03 01 55 b.58 153.5E 8 T.75

30 00 59 ko 13.08 76,0 W 70 7.0

Oct & 14 45 26 18.8 N 68.5 W 50 7.0

26 00 21 03 60.0 S 3FOoW 8 7.0

Fov 1 11 14 24 51,5 N 1745 W L 7.0

2 18 28 25 b1.S N T2.5E s 7.6

L 21 L7 47 39.8 N SULS5E 8 T+5
10 17 42 53 8.9 8 TTe5 W 8 T.25
12 17 28 L1 20.0 8 173.5W o 7425

Dec 20 19 19 05 32,5 N 134,5 E s 8.4

21 10 18 U9 Li,0 N 149.0 E s 7.2

1947 Jan 3 02 20 33 Li,3 8 149.0 E ko 7.0
26 10 06 46 12,5 N 86.3 W 170 T.2

29 08 17 50 26,08 63.0W 580 7.25

Feb 7 08 40 35 10,0 8 161.5 E 50 7.0

Mar 2 19 09 26 5. 8 Mu4,5E 50 7.0

17 08 19 32 33.0N 99.5 E 8 TeT

25 20 32 1k 38.88 178.5 E 8 7.0

Apr 2 05 39 11 1.5S8 138.0 E s Tk
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Year Date GMT Lat Long Depth Magnitude
h m 8 deg deg km
1947 Apr 14 07 15 33 LL,ON 148,5E s 7.0
2k 19 35 14 8,58 39.0W 50 7.0
May 6 20 30 32 6,58 148.5 E 8 7.6
27 05 58 54 1,58 135.3 E ) 7.25
Jun 12 09 02 30 1.5N 126.5 E 0 Te2
13 20 24 49 21,5 N 1455 E s 7.2
19 07 34 37 22,0 N 145.5 E 8 7.0
Jul 29 13 43 22 28.5 N 94.0 E 60 7.9
Aug 5 1h 24 10 25,58 63.0 E s 7.3
Sep 26 16 01 57 24,8 N 123.0 E 110 Toh
Oct 6 49 55 37 37.0 8 22,0 E 8 7.0
16 02 09 47 64,58 1b7.,5W 8 7.0
Nov 1 14 58 53 10,58 75.0 W s 7.3
4 00 09 10 L, 0N 1405 E 8 Ted
9 ok 57 50 22,5 S 170.0 E 50 Tel
Dec 15 19 20 26 59.5 S 160.0 W 60 7.2
2k 05 22 00 54,0 S 114,0 E 60 7.0
1948 Jan L 08 56 37 20,8 S 179.0 W 600 7.0
6 17 23 26 17.0 N 98,0 W 80 7.0
6 17 25 58 17.0 N 98,0 W 80 7.0
22 13 55 21 2.0 8 177.0 W 140 7.0
2k 17 46 4o 10,5 N 122.0 E 8 8.3
27 11 58 28 20,55 178.0 W 630 7.2
28 03 47 21 1.5 126,5E 80 7.2
Feb 9 12 58 15 35.5N 27.0E 4o Tel
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Year Date GMT Lat Long Depti Magnitude
h m s deg deg km
1948 Fedb 9 14 sk 22 0.0 122,5 E 160 7.2
Mar 1 01 12 28 3.0 8 127.5 E 60 7.9
3 09 09 Sk 18.5 N 119.0 E 8 7.2
i3 20 02 35 15N 126.5 E 60 T.1
Apr 17 16 11 28 33,0 N 135.8 E 8 T.3
21 20 L2 02 19.3 N  69.3 W ko 7.3
May 11 08 55 b1 17.55 T0.3 W T0 7.3
1k 22 31 43 Sk,5 N 161.0 W 8 T.5
25 0T 11 21 29.5 N 100.5 E 8 7.3
Jun 28 07 13 30 36.5 % 136.0 E 8 7.3
29 10 28 37 15.55 172.5 W 60 7.0
Jul 20 11 02 17 17.08  75.0 W 70 T.1
Aug 25 06 09 24 2L.5 s 65.0 W 50 7.0
Sep 2 23 34 50 10.0 ¥ 125.5 E s 7.0
8 15 09 11 21.0 S 1Th.0 W 8 7.9
10 13 48 34 b3,5 N 147.0E ko T.1
Oct § 20 12 05 37.5N S8.0E 8 T.3
Nov 19 01 Ok 24 10,08 83.5W 80 7.0
26 05 36 37 5.0S5 145.0 E 70 7.0
1949 Jan 2L 09 15 48 2.0 8 176.0 W 1.0 7.0
Feb 2 17 41 29 53,0 N 173.0 % 220 7.0
13 18 24 24 33.55 178.0 W 60 T.2
23 16 08 08 1.0 N 83,5 E s 7.3
28 00 13 Ok 7.0 S 29.0 W 60 7.0
Mar L 10 19 25 36,0 N TO.5 E 230 7.5
16 22 15 13 5.5S5 151,0 E 60 7.0
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Year Date GMT Lat Long Depth Magritude
h n s deg deg km

1949 Mar 17 21 05 03 5,55 151.0 E 60 7.0
27 06 34 05 3.5 127.5 E 8 7.0
Apr 13 19 55 43 7.3 F 122,5W 50 7.0
20 03 29 07 38,08 T3.5W T0 Te3
23 11 15 39 8.05 121.0 E 80 T.1
25 13 5k 59 19.8 5 69.0 W 110 T.3
30 01 23 32 6.5 N 125.0 E 130 Tl
Jul 2 19 57 13 16,0 N 148.,0 E 50 Tel
10 03 53 36 39.0 N 70.5 E ] T.6
23 10 26 L5 18,58 170.0 E 150 7.2
27 15 11 k2 28,0 8 177.0 W 70 7.0
hug 6 00 35 37 18.5 S 1Th.5 W T0 T.5
22 ok 01 11 53.8 8 133.3 W 8 8.1
Sep 1k 19 50 20 9.8 N 126.0 E 50 T2
27 15 30 &5 59.8 N 1k9.0 W 50 7.0

Oct 19 21 00 1§ 5.5 8 154,0 E 60 T.25
Nov 22 00 51 49 28,58 178.,5 W 180 T.3
27 08 k2 18 18,0 S 173.0 W 60 Te2

Dec 17 06 53 30 54,08 Ti.0OW s T.T5

17 15 0T 55 sk.0S T1.0W 8 T.T5
.. 26 06 23 52 15.5 8 180.0 8 7.0
27 23 57 16 60,08 22,0W 50 T.1
29 03 03 5h 18.0 F 1210 E s T.2
1950 Jan 30 00 56 32 53.58 Tl.5W s 7.0
Feb 2 23 33 39 22,0 N 100.,C E 8 7.0
28 10 20 57 6.0 N 1kk,0 E 3k0 T.9
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Year Date o GMT Lat ong Depth Magnitude
-h m s deg deg km

1950 May 17 18 13 13 21,0 S 169.0 E Lo 7.0
25 18 35 07 13,0 N 1435 E 90 7.0

26 0l 17 25 20,3 5 169.3 E 40 Te2

Jun 8 16 07 32 k7,08 15.0 W 60 7.1
21 06 55 37 20,3 S 169.3 E 40 7.0

24 22 25 3k 20.5 S 169.5 E Lo T.2

Jul 9 o4 Lo ok 8,00 T0.8W 650 T.0
9 ok 50 05 8.0 T0.8W 650 7.0

29 23 49 02 6.5S 155.0 E 70 T.l
Ang 1k 22 51 2k 2T.b 8 62,5 W 630 T.25
15 14 09 30 28,58 96,5 E s 8.7

Sep 10 15 16 08 15,5 S 167.0 E 100 T.1
29 06 32 20 19.0 N 107.0 W 60 T.0

Oct S 16 09 31 11.0 8 85.0W 8 T.7
8 03 23 09 3.5 128.3 E 8 7.6

23 16 13 20 14,58 91.5W 8 T.1

Nov 2 15 27 56 6.5S 129.5 E 60 8.1
8 02 18 12 10,0 8 159.5 E 8 7.25
Dec 1 14 50 58 14,0 N LT3 W 60 T.25
2 19 51 L9 18,3 S 16T.5 E 60 8.1
2 19 55 27 18.3 S 167.5 E 60 7.25

L 16 28 03 5.0 8 153.5 E 110 T.2

) 21 38 48 23,58 6T.5W 100 8.3

10 02 50 k2 1,38 T15.8W 80 7.0

10 13 23 Ob 28,08 178.5 W 250 T.25

1k 01 52 L9 19.3 8 175.8 W 200 T.9
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Year Date oMT Lat Yong Depth Magnitude
h m s deg deg kn
1950 Dec 1l 14 15 51 17.0 N 97.5W 8 T.3
1951 Feb 13 22 12 57 56.0 N 156.0 W 8 T.1
17 21 07 07 7.08 1U6.0 E 180 7.3
Mar 10 21 57 29 15.0 S 167.5 E 130 T.2
23 21 38 51 30.5 8 180.0 270 7.0
May 1 05 02 ko 50,5 S 149.0 E ) 7.0
2 08 27 20 6.0S 1S54 S E 150 7.0
Jul 11 18 21 52 2T.5 F 139.5 E 480 7.0
Oct 21 21 34 1k 23.8 8 121.5E s 7.3
22 03 29 27 23,8 N 121.3 E s 7.1
22 05 43 01 24,0 N 121.3 E s 7.1
Fov 6 16 k¢ 05 47.8 N 1543 E s 7.2
18 09 35 47 305N 91,6 E s 7.9
24 18 50 18 23,0 N 122,5 E s 7.3
Dec 8 04 14 12 34.0 S 57.0 E 8 7.9
1952 Feb 1l 03 38 12 7.58 126.5E s T.25
26 11 31 00 tbos  70.5W 260 7.0
Mar L 01 22 43 L2,5 N 143.0 E 8 8.6
9 17 03 U7 2,5 N 143.0E 8 7.1
19 10 57 12 .5 N 127.3 E 8 7.9
May 9 17 47 W1 6.58 155.0 E 50 7.0
Jun 11 00 31 36 31.58 67.5W s 7.0
Jul 21 11 52 14 35.0 N 119.0 W 8 7.7
Aug 17 16 02 07 305N 91.5E 2] 7.5
Sep 21 02 30 35 21.88 65.8W 260 7.2
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Year Date GMT Lat Long Depth Magnitude
h m s deg deg km
1952 Nov L 16 58 26 52,8 N 159.5 E s 6.b
Dec 6 10 41 18 8.0 8 156.5 E 8 7.1
2u 18 39 38 5.5 S 152,0 E s 7.0
1953 Jan 5 07 48 22 4,0 N 170.5 E 8 T.1
5 1C 6 30 3,0 N 155.5 E Lo 7.0
Feb 26 11 bz 28 11.0 S 164,5 E 8 7.0
Mar 18 19 06 14 40,0 W 2T.3 E 8 7.25
19 08 27 50 10N 61.3W 130 T.3
Apr 23 16 24 17 L0os 1,40E 8 745
May 6 17 16 L9 36,52 T2.5 W 60 7.6
Jun 25 10 45 00 8.55 124,00 E 50 T.1
Jul 2 06 56 58 19.5 S 169.5 E 250 Ts5
Aug 12 09 23 53 38,3 N 20.3 E 8 7.1
Nov &4 03 49 08 13.0 S 166.5 E 8 Tob
17 13 29 53 13.8 8 92,0 W Lo T.1
25 17 48 52 36,0 N 141.5E 8 8.0
Dec 7 02 05 37 22,08 68.0W 11¢ 7.1
12 17 31 25 Los 8i.0W 8 T.h4
1954 Jan 13 00 13 10 u8,5 s 165.5 E 8 7.0
Feb 01 06 5 2k.3 K 1438 E 50 Tel
1 00 30 15 39.0 N i01.5 E s T.25
i9 19 0T L8 30,0 S 177.8 W Lo 7.0
20 18 35 05 6,85 1245 F 580 7.0
22 12 03 36 57.08 26.5 W 140 7.0
Mar 3 06 02 55 5.8 8 142,y E 8 7.0
21 23 k2 11 2,5 N 95.3 E 180 T4




Year Date GMT Lat Long Depth Magnitude
h m 8 deg deg km
1954 Mar 29 06 17 05 370K 3.6 W 640 T.1
31 18 25 u7 12,5 8 58,0 E 8 T7.25
Apr 29 11 34 31 28,5 8 113.0 W 8 7.0
30 13 02 37 39.0 N 22,0E 8 7.0
Jul 3 22 31 26 6.58 105.3 E 80 7.0
Sep 17 11 03 18 21,55 AT7.0 W 2.7 7.0
Dec 16 11 07 10 39.3 N 118,1 W s Tl
1955 Jan 5 00 50 14 50,0 S 164.,0 E 8 7.0
Feb 27 20 43 25 28,08 175.5 W 8 7.8
Mar 14 13 12 Ok 52,5 N 173.5 ¥ 5 7.0
18 00 06 43 54,0 N 161.0 E 8 Tob
22 14 05 05 8,58 92.0E 8 7.1
3l 18 17 03 8.0 N 124.0E 8 7.6
Apr 14 01 29 Ok 29.5 N 102.0 E 8 T.b
15 03 Lo 55 40,0 N T5.0 E s 7.0
19 20 2b o7 30,08 T2.0W 8 7.1
May 17 1k 49 50 TON 94,0E s 7.3
26 16 23 14 10.0 S 161,0 E 8 7.0
30 12 31 k2 2b,0oN 12,8 E 580 T.3
Jun 1k 06 11 18 20,0 N 107T.0 W 8 7.0
Aug 6 08 31 28 21.08 178.0 W 360 7.0
16 11 47 03 6.0S 155.0 E 210 7.0
Sep 23 15 06 19 6.8 8 16..8E 8 7.0
Oct 10 08 57 T 5.0 8 152.,5 E s 7.3
13 09 26 L9 10,0 § 160.8 B 70 7.3
Nov 23 06 29 30 51,0 N 15T.3 E 70 Tsl
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Year Date GMT Lat Long Depth Magnitude
h o 8 deg deg km
1956 Jan 8 20 54 16 19,0 8 TO.5 W 40 T:1
10 08 52 38 25,5 8 175.5 W s T.3
16 23 37 4o 0,58 80.5W 8 Te3
Feb 1 13 b1 L6 18.8 K 145.5 E 370 T.0
18 0T 34 22 30,0 N 137.5 E L80 T+3
May 23 20 48 28 15,0 8  179.0 W 430 7.5
Jun 9 23 13 52 35.0 8 6T.5E 8 T.6
Ju 9 03 11 Lo 37.0 N 26,0 E 8 7.8
16 15 0T 07 2,3 N 96.0E 8 7.0
18 06 19 35 5.5 8 130.0 E 3.90 Te5
Oct 11 02 2k 35 46,0 N 151.0 E 110 7.6
2b 1 k2 11 11,58 87.5W 8 T.3
De. 18 02 31 03 25.5 8 T).OW 8 T.0
27 00 1% 11 23.3 5 176.8 W 2k Tel
1957 Jan =z 03 48 14 53.0 1 168.0 W 8 7.0
3 iz b8 271 L4,0 ¥ 130.0 E 600 7.0
Feb 23 20 26 11 2LOKR 122.0E 8 7.3
Mar 9 1 22 28 51,3 N 175.8 W 8 8,25
9 20 39 15 52,5 N 169.5 W 8 T.1
11 09 58 k2 53.0 N 169.,3 W 8 7.0
1 b 55 19 51.5 N 178.5 W 8 T.2
12 11 Lb 5C 51,0 N 177.0 W 8 Te3
1k 14 4T 45 51,5 K 177.0 W 8 T.2
16 02 34 12 52.0 N 179.0 W 8 T.2
22 1 21 06 5,0 N 166.0 W 8 7.0
23 05 12 ko 5,58 131.0 E 150 7.3
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Year Date GMT Lat Long Depth Magnitude
h m s deg deg knm
1957 Apr 10 11 29 58 56.0 N 1540 W 8 T4l
1h 19 18 01 15,58 173.0 W 8 Te5
16 ok ok ob LS8 107T.5E 600 T.5
19 22 19 26 52,0 N 166.5 W 50 7.3
25 02 25 36 36,58 29,0 E 8 Tel
May 21 01 11 S8 21,5 K 14,0 E 100 7.0
26 06 33 31 LLON 31,0E 8 Tel
Jun 11 1k 49 L7 30,08 178,00 W 100 7.0
13 10 Lo 38 51,5 N 175.0 W s 7.0
22 23 50 23 1,58 131.0E s T.3
27 00 09 28 56,5 8 116.,0 E 8 T.9
Jul 2 00 L2 23 36,0 N 53,0 E 8 T.1
1k 06 23 52 27.08 178.0 W 200 Tel
28 08 Lo ok 17.0§8N 99.0W 8 T.9
29 17 15 1k 23,58 TLS W s 7.0
Sep 2b 08 21 05 55K 127.5E 8 T.6
28 14 20 00 20,5S 178.0 W 600 T.5
Nov 29 22 19 38 21,08 66.0W 170 7.8
Dec UL 03 37 45 45.5 N 99.5 E s 8.3
13 01 bk 59 - 31,58 L8O E 8 T.2
17 13 50 12 12,5 £ 166,5 & ko T.5
1958 Jan 15 19 14 29 16,58 T..5W 60 7.3
19 1k 07 27 158 T9.5W Lo 7.8
Mar 11 00 25 56 5.5 N 125,0 E 70 T.5
Apr T 15 30 38 66.5 8 157.0 W s 7.3
May 31 19 32 30 15.0 S 169.0 E s Te2




15

Year Daie GMT Lat Long Depth Magnitude
h = 8 deg deg km
1958 Jul 10 06 15 51 58.6 N 137.1 W 8 T.9
26 17 37 09 13,58 69.0W 620 Ts5
Aug 15 22 29 17 1.58 125.0 E 170 7.0
Nov 6 22 58 06 Ls,5 N 18,5 E 75 8.7
12 20 ¢3 26 4.5 N 18,5 E Lo 7.3
1959 Fed T 09 36 51 L.0s8 81.5W s T.2
Mar 1 16 49 13 0,58 134,5E 100 7.0
Apr 26 20 Lo 38 25.0 N 122,5 E 150 TeT
May b 07 15 b2 52,5 N 159.5 E 60 8.25
Jun 14 00 11 57 20,5Ss 68.0W 100 Ts5
Jul 19 15 06 10 15.0 S T0.5 W 200 7.0
Aug 17 21 24 4o 7.58 156.0 E 8 T.25
18 06 37 15 by,8 N 111.1 W 8 7.1
2l 21 30 46 10.5 S8 161.0 E 8 7.0
Sep 14 14 09 39 28,55 177.0 W 8 TeT
Nov 19 11 08 b1 5.58 146.0 E 100 7.0
Dec 1b 23 21 56 59.5 & 1.0 W B 7.0
1960 Jan 13 15 Lo 3k 16.0 S T2.0 W 200 8.0
15 09 30 24 15.0 S  75.0 W 150 7.0
Mar 8 16 33 38 16,55 168.5 E 250 7.2
20 17 07 30 Lo, 0 N 143.,5E 60 7.0
May 21 10 02 50 7.558 T3.5W 8 7.25
22 10 32 43 37.58 73.0W s Te2
22 19 11 17 39,58 4S5 W 8 8.3
Jun 20 02 01 08 38.0 S T3.5 W s 7.0
Jul 3 20 20 L6 50.5 N 177.0 W 8 7.0




76
Year Date aMT Lat Leng Depth Magnitude
h m s deg deg km

1960 Jul 25 11 i2 00 54,0 N 159.0 E 100 7.0
Oct 28 13 18 1L 52,2 N 15T.L E 96 7.0
Nov 1 08 45 59 38,55  T5.1 W 55 7.2
13 09 20 32 51,4 N 168.8 W 3 7.0
2y 06 52 L1 2b.L 5 176.1 W 23 7.0
Dec 3 ok 24 19 2,9 N 104k E 60 7.0

13 0T 36 16 52,7 S 159.1 E 25 T.25
1961 Jen 22 03 2k 05 12,0 8 166.2 E 25 7.0
Feb 26 18 10 49 31,6 N 131.2 E 54 7.2
Mar 7 10 10 39 28,38 175.T W L3 T4
Jul 23 21 51 08 18,5 5 168.3 E Ly T.2
Aug 11 15 51 35 43,0 N 145.0 E 50 7.0
15 05 09 50 10,85 T1.0W 649 7.0

19 05 33 31 36.2 N 136.5 E 17 7.25
3 01 48 38 10,78 T0.9 W 626 7.2
31 01 57 08 10,55 T0.T W 629 7.5
Sep 1 00 09 35 59.5 8 2T.3 W 131 Te5
8 11 26 33 56.38 27T.1 W 125 T.7

1962 Feb 1l 06 36 05 37.85S T2.5W Ls 7.25
Mar 7 11 01 0% 19.2 8 1L45.1 E 685 7.0
17 20 47 32 109 F b43.2W 33 740
Apr 12 00 52 45 38,1 § 1L2,3 E 48 T.2
23 05 58 05 2,9 N 1L3.L E 25 7.2
May 6 19 00 1k 60.28 33.5W 33 7.0
11 14 11 54 1T.08  99.6 W Lo 7.0
15 05 23 L6 7.3 8 1283 E 34 7.2




77
Year Date GMT Lat Long Depth Magnitude
h n s deg deg km

1962 May 19 14 58 15 1728 99.5W 33 7.2
2l 12 02 50 37.3 N 9€.0 E 25 T.2

Jul 30 17 16 Lk 3.35 1U3.9E 25 7.0

Aug 3 08 56 12 23,28 67.5W T T.1
Sep 1 19 20 39 35,6 N 50,0 E 21 7.25

18 00 29 05 7.5K 82.3W 33 7.0

1963 Feb 13 08 50 02 2L,5 N 121.8 E 33 T.25
26 20 14 09 7.5 8 146,2 E 171 7.25

Mar 16 08 Lk L8 b6,5 N 154, TE 26 7.0

26 09 48 20 29.78 177.8 W 45 7.0

28 00 15 48 66,3 F 19.6 W 15 7.0

Apr 16 01 29 19 0.8 S 128.0 E 33 7.0

19 07 35 2k 5.8 8N 96.9E 33 7.0

May 1 10 03 20 19.0 S 169.0 E 140 7.0
Aug 15 17 25 06 13.88 69.3 W 543 T.75
Sep 15 00 46 sk 10.3 S 165.6 E 43 7.25

17 19 20 08 10,1 S 165.3 E 17 T.25

éh 16 30 16 10,6 s T78.0W 80 7.0

Oct 12 11 26 58 L4, 8 N 1U9.0 E Lo 7.0
13 05 17 58 Ly,8 § 149.5 E 60 8.25

20 00 53 07 L4, T ¥ 150.7 E 25 7.0

Nov 9 21 15 30 9.0S 715 W 600 7.0

Dec 15 19 3k L6 4,838 108.0E 650 7.1

196k Fet 6 13 07 25 55.T N 155.8 W 33 T.1
Mar 28 03 36 13 61,1 d 147.6 W 20 8.5

Apr 23 03 32 50 5.3 S 1340 E 33 T2
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Year Date GMT Lat Long Depth Magnitude
h o s deg deg km
1964 May 17 07 58 1k Lo.b N 139.0E 33 7.0
26 10 59 12 56,2 8  27.8 W 130 7.3
31 00 Lo 36 43.5 N 146.8 E 48 Tl
Jun 16 Ok 01 kb 38.3 N 139.1 E 5T T
23 01 26 37 b3.3 N 1W6.1 E 11 T.6
Jul 6 07 22 12 18,3 § 100.k W 100 Tl
9 16 39 49 15.5S 167.6 E 121 T.2
2l 08 12 4o k7.2 N 153.8 E 32 7.0
Sep 12 22 07 03 49,1 S 1642 E 33 T.3
Nov 17 08 15 3¢ 5.7 S 150.T E 45 7.5




Fig. 1.

Figo 2,

Fig. 3.

Fig, b,

Fig. 50

FIGURE CAPTIORS

Division of the circum-Pacific belt intu regions.,

Dependence scheme between a, b, and Mo.

Recurrence diagrams for shellow (A) and shallow plus
intermediate (B) earthquakes in the circum-Facific
and non~Pacific regions for 1918-1963 (sclid lines
correspond to observational data and dotted lines to

least-square solutions).

A) becoefficients in shallow, and shallow plus
intermediate earthquakes versus secular strain energy
release per 1° of arc in shallow earthquakes,

B) Maximum magnitudes in shallow earthquakes versus
secular strain energy release per 1° of arc in shallow
earthquakes.

Numerical values are given in Table 1I.

Histograms of annual seismic energy release (E) and
annual number of earthquekes (v) in the circum-Pacific
belt (A,B,C) and in the non-Pacific regicns (D,E).
Averages are indicated by horizontal lines (see also
Table III) and least-square solutions by sloping lines

(formulas (9)-~(12)).
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